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'PREFACE TO THE FIRST EDITION 



In his preface to the new edition of the •fiellknovni'rac/uai 
Biology, Professor Haxley gives his reasons for beginning the 
I study of organized nature with the higher forms of animal 
life, to the abandonment of his earlier method of working 
\ from the simpler to the more complex organisms. He says 
I in effect that experience has taught him the unwisdom of 
taking the beginner at once into the new and strange region 
I of microscopic life, and the advantage of making him corn- 
ice his studies with a subject of which he is bound to 
[ know something — the elementary anatomy and physiology 
I of a vertebrate animal. 

Most teachers will probably agree with the general truth 
I of this opinion. The first few weeks of the beginner in 
1 natural science are so fully occupied in mastering an un- 
I femiliar and difficult terminology and in acquiring the art 
ising his eyes and fingers, that he is simply incapable for 
I a time of grasping any of the principles of the science ; and, 
L this being the case, the more completely his new work can 
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be connected with any knowledge of the subject, however 
vague, he may already possess, the better for his progress. 

On the other hand, the advantage to logical treatment of 
proceeding from the simple to the complex — of working 
upwards from protists to the higher plants and animals — is 
so immense that it is not to be abandoned without very 
good and sufficient reasons. 

In my own experience I have found that the difficulty 
may be largely met by a compromise, namely, by beginning 
the work of the class by a comparative study of one of the 
higher plants (flowering plant or fern) and of one of the 
higher animals (rabbit, frog, or crayfish). If there were no 
limitations as to time, and if it were possible to avoid alto- 
gether the valley of the shadow of the coming examination, 
this preliminary work might be extended with advantage, and 
made to include a fairly complete although elementary study 
of animal physiology, with a minimum of anatomical detail, 
and a somewhat extensive study of flowering plants with 
special reference to their physiology and to their relations 
to the rest of nature. 

In any case by the time this introductory work is over, 
the student of average intelligence has overcome pre- 
liminary difficulties, and is ready to profit by the second 
and more systematic part of the course in which organisms 
are studied in the order of increasing complexity. 

It is such a course of general elementary biology which 
I have attempted to give in the following Lessons, my aim 
having been to provide a book which may supply in the 



study the place occupied in the laboratory by " Huxley and 
Martin," by giving the connected narrative which would be 
out of place in a practical handbook. I also venture to 
hope that the work may be of some use to students who 
have studied zoology and botany as separate subjects, as 
well as to that large class of workers whose services to 
English science often receive but scant recognition — I 
mean amateur microscopists. , 

As to the general treatment of the subject I have been 
guided by three principles. Firstly, that the main object of 
teaching biology as part of a liberal education is to familiarize 
the student not so much with the facts as with the ideas of 
science. Secondly, that such ideas are best understood, at 
least by beginners, when studied in connection with concrete 
types of animals and plants. And, thirdly, that the types 
chosen should illustrate without unnecessary complication 
the particular grade of organization they are intended to 
typify, and that exceptional cases are out of place in an 
elementary course. 

The types have therefore been selected with a view of 
illustrating all the more important modifications of structure 
and the chief physiological processes in plants and animals ; 
and, by the occasional introduction of special lessons on 
I such subjects as biogenesis, evolution, &c., the entire work 
arranged as to give a fairly connected account of the 
general principles of biology. It is in obedience to the last 
of the principles just enunciated that I have described so 
many of the Protozoa, omitted all but a brief reference to 
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the development of Hydra and to the so-called sexual pro- 
cess in Penicillium, and described Nitella instead of Chara, 
and Polygordius instead of the earthworm. The last-named 
substitution is of course only made possible by the book 
being intended for the study and not for the laboratory, but 
I feel convinced that the student who masters the structure 
of Polygordius, even from figures and descriptions alone, 
will be in a far better position to profit by a practical study 
of one of the higher worms. 

Lessons XXVII. and XXX. are mere summaries, and can 
only be read profitably by those who have studied the 
organisms described, or allied forms, in some detail. Such 
abstracts were however necessary to the plan of the book, in 
order to show how all the higher animals and plants may be 
described, so to speak, in terms of Polygordius and of the fern. 

For many years I have been convinced of the urgent need 
for a simplification of nomenclature in biology, and have now 
attempted to carry out a consistent scheme, as will be seen 
by referring to the definitions in the glossary. Many of 
Mr. Harvey Gibson's suggestions are adopted and three new 
words are introduced — phyllula, gamobium, and agamo- 
bium. I expect and perhaps deserve to be criticised, or, 
what is worse, let alone, for the somewhat extreme step of 
using the word ovary in its zoological sense throughout the 
vegetable kingdom ; and for describing as the venter of the 
pistil the so-called ovary of Angiosperms. I would only 
beg my critics before finally pronouncing judgment to try 
and look at the book, from the point of view of the begin- 
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ner, as a graduated course of instruction, and to consider 
the effect upon the entire scheme of using a term of funda- 
mental importance in two utterly different senses. 

A large proportion of the figures are copied either from 
original sources or froin my own drawings — the latter when 
no authority is mentioned. The majority, even of those 
which have previously appeared in text-books, have been 
specially engraved for the work, the draughtsman being 
my brother, Mr. M. P. Parker. In order to facilitate 
reference the illustrations referring to each subject have, as 
far as possible, been grouped together, so that the actual is 
considerably larger than the nominal number of figures. 
Full descriptions are given instead of mere lists of reference- 
letters : these will, I hope, be found useful as abstracts of 
the subjects illustrated. 

I have to thank my friends Mr. A. Dillon Bell and Pro- 
fessor J. H. Scott, M.D., for constant and valuable help in 
criticising the manuscript. To Dr. Paul Meyer, of the 
Zoological Station, Naples, I am indebted for specimens 
of Polygordius ; and to Professer Sale, of this University, 
Professor Haswell, of Sydney, Professor Thomas, of Auck- 
land, and Professors Howes and D. H. Scott, of South 
Kensington, for important information and criticism on 
special points. My brother, Professor W. Newton Parker, 
has kindly promised to undertake a final revision for the 
press. 

DUNEDIN, N.Z., 

August 1890. 



PREFACE TO THE SECOND EDITION 

In addition to a thorough revision, Lessons VI. and 
XXIV. have been largely re-written. Figs. 9, 10, 52, 60, 
64, and 66 are new, and Figs. 9, 10, 11, 64, 66, and 67 of 
the first edition have been withdrawn. 

I have received valuable help from Professors W. N. 
Parker and G. B. Howes, Miss M. Greenwood, and 
Mr. J. E. S. Moore. Much of the proof-correcting has, 
as before, fallen upon my brother. 

March 1893. 
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LESSON I 

AMCEBA 

It is hardly possible to make a better beginning of the 
systematic study of Biology than by a detailed examination 
of a microscopic animalcule often found adhering to weeds 
and other submerged objects in stagnant water, and known 
to naturalists as Amoeba. 

Amoebae are mostly invisible to the naked eye, rarely 
exceeding one-fourth of a millimetre (j-J^ inch) in dia- 
meter, so that it is necessary to examine them entirely by 
the aid of the microscope. They can be seen and re- 
cognized under the low power of an ordinary student's 
microscope which magnifies from twenty-five to fifty dia- 
meters ; but for accurate examination it is necessary to 
employ a far higher power, one in fact which magnifies 
about 300 diameters. 

Seen und^r this power, an Amoeba appears like a little 
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some formed of ectosarc only, others containing a core of endosarc. 
The larger bodies in the endosarc are mostly food-particles ( x 300). ^ 

B. The same species, killed and stained with carmine to show the 
numerous nuclei (««) ( x 300). 

C. Atnaba proteus, a living specimen, showing large irregular 
pseudopods, nucleus (««), contractile vacuole {c.vac), and two food 
vacuoles {f.vac)^ each containing a small infusor (see Lesson X.) which 
has been ingested as food. The letter a to the right of the figure in- 
dicates the place where two pseudopods have united to inclose the food 
vacuole. The contra9tile vacuole in this figure is supposed to be seen 
through a layer of granular protoplasm, whereas in the succeeding 
figures (d, e, and g) it is seen in optical section, and therefore appears 
clear. 

D. An encysted Amoeba, showing cell-wall or cyst (cy)j nucleus (//«), 
clear contractile vacuole {c.vcu), and three diatoms (see Lesson XIV.) 
ingested •as food. 

"£..• Amoeba proteus, a living specimen, showing several large pseudo- 
pods (psd), single nucleus (««), and contractile vacuole {c.vac), and 
numerous food-particles embedded in the granular endosarc ( x 330). 

F. Nucleus of the same after staining, showing a ground substance or 
achromatin, containing deeply-stained granules of chromatin, and 
surrounded by a distinct membrane ( x loio). 

G. Anueba verrucosa^ living specimen, showing wrinkled surface, 
nucleus (««), large contractile vacuole {c.vac) and several ingested 
organisms ( x 330). 

H. Nucleus of the same, stained, showing the chromatin aggregated 
in the centre to form a nucleolus. ( x lOio). 

I. Amoeba proieus, in the act of multiplying by binary fission 
(x 500). 

(a, b, e, f, g, and h after Gruber ; c and i after Leidy ; D after 
I^owes. ) 

shapeless blob of jelly, nearly or quite colourless. The 
central part of it (Fig. i, a, c, and e) is granular and semi- 
transparent — something like ground glass — while surround- 
ing this inner mass is a border of perfectly transparent and 
colourless substance. So clear, indeed, is this outer layer 
that it is easily overlooked by the beginner, who is apt to take 
the granular internal substance for the whole Amoeba. If 
in any way the creature can be made to turn over, or if a 
number of specimens are examined in various positions, 
these two constitutents will always be found to have the 

^ A number preceded by the sign of multiplication indicates the 
number of diameters to which the object is magnified. 

13 2 
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same relations, whence we conclude that an Amoeba con- 
sists of a granular substance the endosarc, completely 
surrounded by a clear transparent layer or ectosarc. 

One very noticeable thing about Amoeba is that it is never 
of quite the same shape for long together. Often the 
changes of form are so slow as to be almost imperceptible, 
like the movements of the hour-hand of a watch, but by 
examining it at successive intervals the alteration becomes 
perfectly obvious, and at the end of half an hour it will 
probably have altered so much as to be hardly like the 
same thing. 

In an active specimen the way in which the changes of 
form are brought about is easily seen. At a particular 
point the ectosarc is pushed out in the form of a small 
pimple-like elevation (Fig. i, a, left side) : this increases in 
size, still consisting of ectosarc only, until at last granules 
from the endosarc stream into it, and the projection or 
pseudopod (a, c, e, psd) comes to have the same structure 
as the rest of the Amoeba. It must not be forgotten that 
the animal does not alter perceptibly in volume during 
the process, every pseudopod thus protruded from one part 
of the body necessitating the withdrawal of an equal volume 
from some other part. 

This peculiar mode of movement may be illustrated by 
taking an irregular lump of clay or putty and squeezing it 
between the fingers. As it is compressed in one direction 
it will elongate in another, and the squeezing process may 
be regulated so as to cause the protrusion of comparatively 
narrow portions from the solid lump, when the resemblance 
to the movements described in the preceding paragraph will 
be fairly close. Only it must be borne in mind that in 
Amoeba there is no external compression, the " squeezing '* 
being done by the animalcule itself. 
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The occurrence of these movements is alone sufficient to 
show that Amoeba is an organism or living thing, and no 
mere mass of dead matter. 

The jelly-like substance of which Amoeba is composed 
is called protoplasm. It is shown by chemical analysis ^ 
to consist mainly of certain substances known 2& proteids^ 
bodies of extreme complexity in chemical constitution, the 
most familiar example of which is white of ^^ or albumen. 
They are compounds of carbon, hydrogen, oxygen, nitrogen, 
and sulphur, the five elements being combined in the 
following proportions : — 



Carbon . . 


from 51*5 to ^^'^ per cent. 


Hydrogen . 


,, 6*9 „ 73 „ „ 


Oxygen 


M 20-9 „ 23-5 „ „ 


Nitrogen . 


„ 15-2 „ 17-0 „ „ 


Sulphur 


„ 0*3 „ 2-0 „ „ 



Besides proteids, protoplasm contains small proportions 
of mineral matters, especially phosphates and sulphates of 
potassium, calcium, and magnesium. It also contains a 
considerable quantity of water which, being as essential a 
constituent of it as the proteids and the mineral salts, is 
called water of organization. 

Protoplasm is dissolved by prolonged treatment with weak 
acids or alkalies. Strong alcohol coagulates it, /.^., causes it 
to shrink by withdrawal of water and become comparatively 
hard and opaque. Coagulation is also produced by raising 
the temperature to about 40° C. ; the reader will remember 
how the familiar proteid white of egg is coagulated and 
rendered hard and opaque by heat. 

^ Accurate analyses of the protoplasm of Amoeba have not been 
made, but the various micro-chemical tests which can be applied to it 
leave no doubt that it agrees in all essential respects with the protoplasm 
of other organisms, the composition of which is known (see p. 7). 
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There is another important property of proteids which is 
tested by the instrument called a dialyser. This consists 
essentially of a shallow vessel, the bottom of which is made 
of bladder, or vegetable parchment, or some other organic 
(animal or vegetable) membrane. If a solution of sugar or of 
salt is placed in a dialyser and the instrument floated in a 
larger vessel of distilled water, it will be found after a time that 
some of the sugar or salt has passed from the dialyser into 
the outer vessel through the membrane. On the other hand, 
if a solution of white of egg is placed in the dialyser no 
such transference to the outer vessel will take place. 

The dialyser thus allows us to divide substances into 
two classes : crystalloids — so called because most of them, 
like salt and sugar, are capable of existing in the form of 
crystals — which, in the state of solution, will diffuse through 
an organic membrane ; and colloids or glue-like substances 
which will not diffuse. Protoplasm, like the proteids of 
which it is largely composed, is a colloid, that is, is non- 
diffusible. 

Another character of proteids is their instability, A 
lump of salt or of sugar, a piece of wood or of chalk, may 
be preserved unaltered for any length of time, but a proteid 
if left to itself very soon begins to decompose ; it acquires 
an offensive odour, and breaks up into simpler and simpler 
compounds, the most important of which are water (HgO), 
carbon dioxide or carbonic acid (COg), ammonia (NHg), 
and sulphuretted hydrogen (HgS)^. In this character of 
instability or readiness to decompose protoplasm notoriously 
agrees with its constituent proteids ; any dead organism will, 

^ For a more detailed account of the phenomena of putrefaction see 
Lesson VIII., in which it will be seen that the above statement as to 
' the instability of (dead) proteids requires qualification ; as a matter of 
fact they only decompose in the presence of living Bacteria. 
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unless special means are taken to preserve it, undergo more 
or less speedy decomposition. 

Many of these properties of protoplasm can hardly be 
verified in the case of Amceba, owing to its minute size 
and the difficulty of isolating it from other organisms (water- 
weeds, &c) with which it is always associated ; but there 
are some tests which can be readily applied to it while 
under observation beneath the microscope. 

One of the most striking of these micro-chemical tests 
depends upon the avidity with which protoplasm takes up 
certain colouring matters. If a drop of a neutral or slightly 
alkaline solution of carmine or logwood, or of some aniline 
dye, or a weak solution of iodine, is added to the water con- 
taining Amceba, the animalcule is killed, and at the same 
lime becomes more or less deeply stained. The theory is 
that protoplasm has a slightly acid reaction, and thus pro- % 
duces precipitation of the colouring matter from the neutral 
or alkaline solution. 

The staining is, however, not uniform. The endosarc, 
owing to the granules it contains, appears darker than the 
ectosarc, and there is usually to be seen, in the endosarc, a 
rounded si)Ot more brightly stained than the rest. This 
structure, which can sometimes be seen in the living Amceba 
(Fig. 1, c, E, and g, ««), while frequently its presence is re- 

' vealed only by staining (comp. a and b), is called the nucleus. 

But when viewed under a sufficiently high power, the 

nucleus itself is seen to be unequally stained. It has lately 

been shown, in many Amcebie, to be a globular body, en- 

I closed in a very delicate membrane, and made up of two 
constituents, one of which is deeply stained by colouring 
matters, and is hence called chromatin, while the other, the 
nuclear matrix or achromatin, takes a lighter lint (Fig. i, f). 
The relative arrangement of chromatin and matrix varies 
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in different Amoebae : sometimes there are granules of 
chromatin in an achromatic ground substance (f) ; some- 
times the chromatin is collected towards the surface or 
periphery of the nucleus ; sometimes, again, it becomes 
aggregated in the centre (g, h). In the latter case the 
nucleus is seen to have a deeply-stained central portion, 
which is then distinguished as the nucleolus. 

When it is said that Amoebae sometimes have one kind of 
nucleus and sometimes another, it must not be inferred that 
the same animalcule varies in this respect. What is meant 
is that there are found in stagnant water many kinds or 
species of Amoeba which are distinguished from one another, 
amongst other things, by the character of their nuclei, 
just as the various species of Felts — the cat, lion, tiger, 
lynx, &c. — are distinguished from one another, amongst 
other things, by the colour and markings of their fur. 
According to the method of binomial nomenclature intro- 
duced into biology by Linnaeus, the same generic name 
is applied to all such closely allied species, while each is 
specially distinguished by a second or specific name of its 
own. Thus under the genus Amoeba are included Amaba 
proteus (Fig. i, c, e, and f), with long lobed pseudopods and 
a nucleus containing evenly-disposed granules of chromatin ; 
A, quarta (a and b), with short pseudopods and numerous 
nuclei; A, verrucosa (g and h) with crumpled or folded 
surface, no well-marked pseudopods, and a nucleus with a 
central aggregation of chromatin, or nucleolus ; and many 
others. 

Besides the nucleus, there is another structure frequently 
visible in the living Amoeba. This is a clear, rounded space 
in the ectosarc (c, e, and g, c. vac), which periodically dis- 
appears with a sudden contraction and then slowly re-appears, 
its movements reminding one of the beating of a minute 
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colourless heart. It is called the contra^le vacuole, and 
consists of a cavity in the ectosarc containing a watery 
fluid. 
Occasionally Amosbre — or more strictly Amoeba-like 
organisms — are met with which have neither nucleus' nor 
contractile vacuole, and are therefore placed in the separate 
genus Protamosba (Fig. a). They may be looked upon as 
the simplest of living things. 

The preceding paragraphs may be summed up by saying 
that Amceba is a mass of protoplasm produced into tempo- 
rary processes or pseudopods, divisible into ectosarc and 

^ A n C D I^Pe 

Fig. 2 — Protamirba frimiliva ; A, B, the same specimen draWD at 
short intervals of time, showing changes of form. 
C— K. Three st^;e? in the process of binary fission. (After Haeckel.) 

endosarc, and containing a nucleus and a contractile vacuole ; 
^hat the nucleus consists of two substances, chromatin and 
ichromalin, enclosed in a distinct membrane : and that the 
»ntractile vacuole is a mere cavity in the protoplasm con- 
aining fluid. All these facts come under the head of 
Idorphnlogy, the division of biology which treats of form 
md structure : we ^nust row study the Physiology of our 
yjnimalcule — that iis, consider the actions or finidiotis it is 
capable of performing. 

5 Judging from the analogy of the Infusoria it Eeems veiy probable 

that Each apparently non-Ducleate forms as Piotamteba contain chroma- 

lin diffused in the form of minnte gianules throughout theli substance 

(see end of Lesson X., p. iiS), or that they are forms which have lost 

^ their nuclei. 
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First of all, as we have already seen, it moves, the move- 
ment consisting in the slow protrusion and withdrawal of 
pseudopods. This may be exi)ressed generally by saying 
that Amoeba is contractile^ or that it exhibits contractility. 
But here it must be borne in mind that contraction does 
not mean the same thing in biology as in physics. When 
it is said that a red-hot bar of iron contracts on cooling, 
what is meant is that there is an actual reduction in 
volume, the bar becoming smaller in all dimensions. But 
when it is said that an Amoeba contracts, what is meant is 
that it diminishes in one dimension while increasing in 
another, no perceptible alteration in volume taking place : 
each time a pseudopod is protruded an equivalent volume 
of protoplasm is withdrawn from some other part of the 
body. 

We may say then that contractility is a function of the 
protoplasm of Amoeba — that is, that it is one of the actions 
which the protoplasm is capable of performing. 

A contraction may arise in one or other of two ways. In 
most cases the movements of an Amoeba take place without 
any obvious external cause ; they are what would be called 
in the higher animals voluntary movements — movements 
dictated by the will and not necessarily in response to any 
external stimulus. Such movements are called automatic. 
On the other hand, movements may be induced in Amoeba 
by external stimuli, by a sudden shock, or by coming into 
contact with an object suitable for food : such movements 
are the result of irritability of the protoplasm, which is 
thus both automatic and irritable — that is, its contractility 
may be set in action either by internal or by external 
stimuli. 

Under certain circumstances an Amoeba temporarily loses 
its power of movement, draws in its pseudopods, and 
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becomes a globular mass around which is formed a thick, 

shell-like coat, called the cyst or cell-wall {Fig. i, d, cy). 

The composition of this is not known ; it is certainly not 

protoplasmic, and verj' probably consists of some nitrogenous 

substance allied in composition to horn and to the chitin 

which forms the external shell of Crustacea, insects, Sic. 

After remaining in this encysted condition for a time, the 

Amosba escapes by the rupture of its cell-wall, and resumes 

s active life. 

Very often an Amceba in the course of its wanderings 

iomes in contact with a still smaller organism, such as a 

Hiatom {see Lesson XIV., Fig. 35) or a small Jnfusor (see 

jcssons X. — XII.). When this happens the Amceba may 

to send out pseudopods which gradually creep 

found the prey, and finally unite on the far side of it, as in 

, c, a. The diatom or other organism becomes in this 

■ray completely enclosed in a cavity or Jood-vacuole (/. 

If), which also contains a small quantity of water neces- 

irily included with the prey. The latter is taken in by the 

s food : so that another function performed by the 

mimalcule is the reception of food, the first step in the 

5 of nutrition. It is to be noted that the reception 

if food takes place in a particular way, viz. by ingestion — 

s enclosed raw and entire in the living protoplasm. It 

i been noticed that Arateba usually ingests at its hinder 

—that is, the end directed backwards in progression. 

Having thus ingested its prey, the Amceba continues its 

fourse, when, if carefully watched, the swallowed organism 

•ill be seen to undergo certain changes. Its protoplasm 

^s slowly dissolved ; if it contains chlorophyll— the green 

colouring matter of plants — this is gradually turned to brown ; 

and finally nothing is left but the case or cell-wal! in which 

r many minute oigamsms, such as diatoms, are enclosed. 
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Finally, the Amoeba as it creeps slowly on leaves this empty 
cell-wall behind, and thus gets rid of what it has no further 
use for. It is thus able to ingest living organisms as food ; 
to dissolve or digest their protoplasm ; and to egest or get 
rid of any insoluble materials they may contain. Note 
that all this is done without either ingestive aperture (mouth), 
digestive cavity (stomach), or egestive aperture (anus) ; the 
food is simply taken in by the flowing round it of pseudopods, 
digested as it lies enclosed in the protoplasm, and got rid of 
by the Amoeba flowing away from it. 

It has just been said that the protoplasm of the prey is 
dissolved or digested : we must now consider more particu- 
larly what this means. 

The stomachs of the higher animals — ourselves, for 
instance — produce in their interior a fluid called gastric 
mice. When this fluid is brought into contact with albumen 
or any other proteid a remarkable change takes place. The 
proteid is dissolved and at the same time rendered diffusible, 
so as to be capable, like a solution of salt or sugar, of passing 
through an organic membrane (see p. 6). The diffusible 
proteids thus formed by the action of gastric juice upon 
ordinary proteids are called peptones : the transformation is 
effected through the agency of a constituent of the gastric 
juice called pepsin. 

There can be little doubt that the protoplasm of Amoeba 
is able to convert that of its prey into a soluble and diffusible 
form, possibly by the agency of some substance analogous 
to pepsin, and that the dissolved matters diffuse through the 
body of the Amoeba until the latter is, as it were, soaked 
through and through with them. Under these circumstances 
the Amoeba may be compared to a sponge which is allowed 
to absorb water, the sponge itself representing the living 
protoplasm, the water the solution of proteids which per- 
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Boeates it. It has been proved by experiment that proteids 

■e the only class of food which Amceba can make use of : 

s unable to digest either starch or fat^two very important 

constituents of the food of the higher animals. Mineral 

matters must, however, be taken with the food in the form 

, weak watery solution, since the water in which the 

jiiraalcule lives is never absolutely pure. 

The Amoeba being thus permeated, as it were, with a 

Siutrient solution, a very imjwrtant process takes place. The 

■elements of the solution, hitherto arranged in the form of 

leptones, mineral salts, and water, become re-airanged in 

mch a way as to form new particles of living protoplasm, 

"hich are deposited among the pre-existing particles. In a 

Word, the food is assimilated or converted into the actual 

living substance of the Amceba. 

One effect of this formation of new protoplasm is obvious : 
if nothing happens to counteract it, the Amceba must grow, 
the increase in size being brought about in much the same 
way as that of a heap of stones would be by continually 
thrusting new pebbles into the interior of the heap. This 
■ mode of growth — by the interposition of new particles among 
d ones — is called growth by inlusmsception, and is very 
aracteristic of the growth of protoplasm. It is neces- 
to distinguish it, because there is another mode of 
irth which is characteristic of minerals and occurs also 
organized structures. A crystal of alum, for 
istance, suspended in a strong solution of the same 
substance grows, but the increase is due to the deposition 
of successive layers on the surface of the original crystal, 
in much the same way as a candle might be made to grow 
by repeatedly dipping it into melted grease. This can be 
proved by colouring the crystal with logwood or some other 
—dye before suspending it, when a gradually-increasing colour- 
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less layer will be deposited round the coloured crystal : if 
growth took place by intussusception we should have a 
gradual weakening of the tint as the crystal increased in size. 
This mode of growth — by the deposition of successive layers 
— is called growth by accretion. 

It is probable that the cyst of Amoeba referred to above 
(p. ii) grows by accretion. Judging fron the analogy of 
other organisms it would seem that, after rounding itself off, 
the surface of the sphere of protoplasm undergoes a 
chemical change resulting in the formation of a thin super- 
ficial layer of non-protoplasmic substance. The process is 
repeated, new layers being continually deposited within the 
old ones until the cell-wall attains its full thickness. The 
cyst is therefore a substance separated or secreted from 
the protoplasm ; it is the first instance we have met with of 
a product of secretion. 

From the fact that Amoeba rarely attains a greater dia- 
meter than \ mm., it follows that something must happen to 
counteract the constant tendency to grow, which is one of 
the results of assimilation. We all know what happens in 
our own case : if we take a certain amount of exercise — 
walk ten miles or lift a series of heavy weights — we undergo 
a loss of substance manifested by a diminution in weight 
and by the sensation of hunger. Our bodies have done a 
certain amount of work, and have undergone a proportional 
amount of waste, just as a fire every time it blazes up 
consumes a certain weight of coal. 

Precisely the same thing happens on a small scale with 
Amoeba. Every time it thrusts out or withdraws a pseudo- 
pod, every time it contracts its vacuole, it does a certain 
amount of work — moves a definite weight of protoplasm 
through a given space. And every movement, however 
slight, is accompanied by a proportional waste of substance, 
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^^Kb certain fraction of the protoplasm becoming oxidized, or 
^^ni other words undergoing a process of low temperature 
^^HEDmbustion . 

^^^B When we say that any combustible body is burnt what we 
^^^Hually mean is that it has combined with oxygen, forming 
certain products of combustion due to the chemical union 
of the oxygen with the substance burnt. For instance, when 
carbon is burnt the product of combustion is carbon dioxide 
^^K;or carbonic acid (C + Oj = CO^) ; when hydrogen is burnt, 
^^■trater (H^ + O = H^O). The products of the slow com- 
^^Bbustion which our own bodies are constantly undergoing 
^^Eare these same two bodies — carbon dioxide given off mainly 
^H^Jn the air breathed out, and water given off mainly in the 
^^Hfbrm of i>erspiration and urine — together with two com- 
^^B^unds containing nitrogen, urea (CHjNjO) and uric acid 
^^^KjH^N^Oj), both occurring mainly in the urine. In some 
^^nnimals urea and uric acid are replaced by other coni- 
^^^^ounds such as guanin (C^HqN.^O), but it may be taken as 
^^ffproved that in all living things the product of combustion 
^^Etre carbon dioxide, water, and some iiitrogenous substance 
^^^>f simpler constitution than proteids, and allied to the three 
^^Kust mentioned. 

^^m With this breaking down of proteids the vital activity of 
^^R«ll organisms are invariably connected. Just as useful 
^^fenechanical work may be done by the fall of a weight from 
^^Ka given height to the level of the ground, so the work done 
^^Bby the organism is a result of its complex proteids falling^ 
^^Ko to speak, to the level of simpler substances. In both 
^^Knstances potential energy or energy of position is converted 
^^^nnto kinetic or actual energy. 

^^K In the particular case under consideration we have to rely 
^^V'vpon analogy and not upon direct experiment. We may, 
^^■however, be quite sure that the products of combustion 
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or waste matters of Amoeba include carbon dioxide, water 
and some comparatively simple (as compared with proteids) 
compound of nitrogen. 

These waste matters or excretory products are given 
off partly from the general surface of the body, but partly, 
it would seem, through the agency of the contractile vacuole. 
It appears that the water taken in with the food, together in 
all probability with some of that formed by oxidation of 
the protoplasm, makes its way to the vacuole, and is ex- 
pelled by its contraction. We have here another function 
performed by Amoeba, that of excretion^ or the getting rid 
of waste matters. 

In this connection the reader must be warned against a 
possible misunderstanding arising from the fact that the 
word excretion is often used in two senses. We often hear, 
for instance, of solid and liquid " excreta." In Amoeba 
the solid excreta, or more correctly faces^ consist of such 
things as the indigestible cell-walls, starch-grains, &c., of the 
organisms upon which it feeds ; but the rejection of these 
is no more a process of excretion than the spitting out of 
a cherry-stone, since they are simply parts of the food 
which have never been assimilated — never formed part and 
parcel of the organism. True excreta, on the other hand, 
are invariably products of the waste or decomposition of 
protoplasm. 

The statement just made that the protoplasm of Amoeba 
constantly undergoes oxidation presupposes a constant sup- 
ply of oxygen. The water in which the animalcule lives 
invariably contains that gas in solution : on the other hand, 
as we have seen, the protoplasm is continually forming 
carbon dioxide. Now when two gases are separated from 
one another by a porous partition, an interchange takes place 
between them, each diffusing into the space occupied by the 
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lOthei. The same process of gaseous diffusion is continually 
going on between the carbon dioxide in the interior of 
Amceba and the oxygen in the surrounding water, the proto- 
plasm acting as the porous partition. In this way the carbon 
dioxide is got rid of, and at the same time a supply of 
.oxygen is obtained for further combustion. 

The taking in of oxygen might be looked upon as a kind 
of feeding process, the food being gaseous instead of solid 
or liquid, just as we might speak of "feeding" a fire both 
with coals and with air. Moreover, as we have seen, the 
giving out of carbon dioxide is a process of excretion. It 
is, however, usual and convenient to speak of this process 
of exchange of gases as respiration or breathing, which 
is therefore another function performed by the protoplasm of 
Amoeba. 

The oxidation of protoplasm in the body of an organism, 
like the combustion of wood or coal in a fire, is accompanied 
by an eiwiution of heat. That this occurs in Amceba can- 
■mot be doubled, although it has never been proved. The 
heat thus generated is, however, constantly being lost to tlie 
surrounding water, so that the temperature of Amcfiba, if we 
could but measure it, would probably be found, like that of 
a frog or a fish, to be very little if at all above that of the 
medium in which it lives. 

We thus see that a very elaborate series of chemical pro- 
cesses is constantly going on in the interior of Amceba. 
These processes are divisible into two sets : those which 
■'begin with the digestion of food and end with the manufac- 
■ture of living protoplasm, and those which have to do witJi 
the destruction of protoplasm and end with excretion. 

The whole series of processes are spoken of collectively 
'8S metabolism. We have, first of all, digested food diffused 
through the protoplasm and finally converted into fresh 
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living protoplasm : these are processes of constructive nuta- 
bolism or anabolism. Next we have the protoplasm gradually 
breaking down and undergoing conversion into excretory 
products : this is the process of destructive metabolism or 
katabolism. There can be little doubt that both are pro- 
cesses of extreme complexity : it seems probable that 
after the food is once dissolved there ensues the successive 
formation of numerous bodies of gradually increasing 
complexity (anabolic mesostates or anastates\ culminating 
in protoplasm ; and that the protoplasm, when once formed, 
is decomposed into a series of substances of gradually 
diminishing complexity (katabolic mesostates or katastates), 
the end of the series being formed by the comparatively 
simple products of excretion. The granules in the endosarc 
are probably to be looked upon as various mesostates 
imbedded in the protoplasm proper. 

Living protoplasm is thus the most unstable of substances ; 
it is never precisely the same thing for two consecutive 
seconds: it ** decomposes but to recompose," and recom- 
poses but to decompose ; its existence, like that of a water- 
fall or a fountain, depends upon the constant flow of matter 
into it and away from it. 

It follows from what has been said that if the income of 
an Amoeba, />., the total weight of substances taken in (food 
plus oxygen plus water) is greater than its expenditure or 
the total weight of substances given out (faeces plus excreta 
proper plus carbon dioxide) the animalcule will grow : if 
less it will dwindle away : if the two are equal it will 
remain of the same weight or in a state of physiological 
equilibrium. 

We see then that the fundamental condition of existence 
of the individual Amoeba is that it should be able to form 
new protoplasm out of the food supplied to it. But some- 
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thing more than this is necessary. Amceb£e are subject to 
all sorts of casualties ; they may be eaten by other organ- 
isms or the pool in which they live may be dried up ; in one 
way or another they are constantly coming to an end. 
From which it follows that if the race of AracebiE is to be 
preserved there must be some provision by which the 
individuals composing it are enabled to [iroducc new in- 
dividuals. In other words Amceba must, in addition to its 
other functions, perform that of reproduction. 

An Amceba reproduces itself in a very simple way. The 
nucleus first divides into two : then the whole organism 
elongates, the two nuclei at the same time travelling away 
from one another : next a furrow appears across the middle 
of the drawn-out body between the nuclei (Fig. i, I ; fig, 3, 
C, D) ; the furrow deepens until finally the animalcule sepa- 
rates into two separate Amtebse (Fig. a, E), which hence- 
forward lead an independent existence. 

This, the simplest method of reproduction known, is called 
simple or binary fission. Notice how strikingly different it 
is from the mode of multiplication with which we arc 
famihar in the higher animals. A fowl, for instance, multi- 
plies by laying eggs at certain intervals, in each of which, 
under favourable circumstances, and after a definite lapse of 
time, a chick is developed ; moreover, the parent bird, after 
continuing to produce eggs for a longer or shorter time, dies. 
An Amceba, on the other hand, simply divides into two 
AmcebK, each exactly like itself, and in doing so ceases to 
exist as a distinct individual. Instead of the successive 
production of offspring from an ultimately dying parent, we 
have the simultaneous production of offspring by the divi- 
sion of the parent, which docs not die, but becomes simply 
merged in its progeny. There can be no better instance of 
the fact that reproduction is discontinuous growth. 
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From this it seems that an Amceba, unless suffe^ 
violent death, is practically immortal, since it divides 1 
two completely organized individuals, each of which begins 
life with half of the entire body of its parent, there being 
therefore nothing left of the latter to die. It would appear, 
however, judging from the analogy of the Infusoria (see 
lesson X.) that such organisms as Amceba cannot go on 
multiplying indefinitely by simple fission, and that occasion- 
ally two individuals come into contact and undergo complete 
fusion. A conjugation of this kind has been observed in 
Amoeba, but has been more thoroughly studied in other 
forms (see Lessons III. and X.). Whether it is a necessary 
condition of continued existence in our animalcule or not, 
it appears certain that " death has no place as a natural 
recurrent phenomenon " in that organism. 

If an Amceba does happen to be killed and to escape 
being eaten it will undergo gradual decomposition, becoming 
converted into various simple substances of which carbon 
dioxide, water, and ammonia are the chief. (See p. 90.) 

In conclusion, a few facts may be mentioned as to the 
conditions of life of Amceba — the circumstances under 
which it will live or die, flourish or otherwise. 

In the first place, it will live only within certain limits of 
temperature. In moderately warm weather the temperature 
to which it is exposed may be taken as about 15° C. If 
gradually warmed beyond this point the movements at first 
show an increased activity, then become more and more 
sluggish, and at about 30° — 35" C. cease altogether, re- 
commencing, however, when the temperature is lowered. 
If the heating is continued up to about 40° C. the animalcule 
is killed by the coagulation of its protoplasm (see p. 5) 1 it 
is then said to suffer heat-rigtir or death -stiffening pro- 
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\ duced by heat. Similarly when it is cooled below the 
L ordinary temperature the movements become slower and 
I slower, and at the freezing point (o° C.) cease entirely. 
But freezing, unlike over-heating, does not kill the pro- 
toplasm, but only renders it temporarily inert ; on thawing, 
I the movements recommence. We may therefore distin- 
I guish an optimum temperature at which the vital actions 
I are carried on with the greatest activity ; maximum and 
minimum temperatures above and below which respect- 
ively they cease ; and an ultra-maximum temperature at 
[ which death ensues. There is no definite ultra-minimum 
I temperature known in the case of Amoeba. 

The quantity of water present in the protoplasm — as water 
I of organization (see p. 5) — is another matter of importance. 
The water in which Amreba lives, although fresh, always 
I contains a certain percentage of salts in solution, and the 
* protoplasm is affected by any alteration in the density of the 
surrounding medium ; for instance, by replacing it by dis- 
tilled water and so reducing the density, or by adding 
salt and so increasing it. The addition of common salt, 
' (sodium chloride) to the amount of a per cent, causes 
I Amteba to withdraw its pseudopods and undergo a certain 
1 amount of shrinkage ; it is then said to pass into a con- 
rdition of dry-rigor. Under these circumstances it may 
p be restored to its normal condition by adding a sufficient 
|i proportion of water to bring back the fluid to its original 
r density. 

I In this connection it is interesting to notice that the dele- 
i terious effects of an excess of salt are produced only when 
\ the salt is added suddenly. By the very gradual addition of 
Lsodiiun chloride Amceba; have been brought to live in a 4 
liper cent, solution, /.?., one twice as strong as would, if added 
I suddenly, produce dry-rigor. 
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From what has been said above on the subject of respira- 
tion (p. 17) it follows that free oxygen is necessary for the 
existence of Amoeba. Light, on the other hand, appears to 
be unnecessary, amoeboid movements having been shown to 
go on actively in darkness. 
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The rain-water which collects in puddles, open gutters, 
&c., is frequently found to have a green colour. This colour 
is due to the presence of various organisms — plants or 
animals — one of the commonest of which is called Hama- 
tococcus (or as it is sometimes called Proiococcus or Sphxrelld) 
pluvialis. 

Like Amceba, HEematococcus is so small as to require a 
high power for its examination. Magnified three or four 
hundred diameters it has the appearance {Fig. 3, a) of an 
ovoidal body, somewhat pointed at one end, and of a bright 
green colour, more or less flecked with equally bright red. 

Like Amceba, moreover, it is in constant movement, but 
the character of the movement is very different in the two 
cases. An active Hsematococcus is seen to swim about 
the field of the microscope in all directions and with 
considerable apparent rapidity. We say apparent rapidity 
because the rate of progression is magnified to the same 
extent as the organism itself, and what appears a racing 
speed under the microscope is actually a very slow craw] 
when divided by 300. It has been found that such 
organisms as Hiematococcus travel at the rate of one foot 
a quarter of an hour to an hour : or, to express 



the fact in another and fairer way, that they travel a distance 
equa] to 2J times their own diameter in one second. In 
swimming the pointed end is always directed forwards and 




Fig. 3.— a. HsmaCoc^tus filuvialis, muiik iiliast. Living speci- 
meo, shawlog protoplasm with cbromatophores (chr) and p^n^enoids 
{fyr), cell-wall {c.w) connected to cell-body by protoplasmic filaments, 
and flagelk /?. The scale lo the left applies to Pigs. A— D. 

B. Resting stage of the same, showing nucleus (nw) with nucleolus 
(iru'), and IhicI: cell-wall (f.w) in contact with proloplasra. 

c. The same, showing division of the cell-txxly in the resting stage 
into four daughter- cells. 

D. The same, showing the development of fla^'Ua and dutathed cell- 
wall by the daughter-cell^ before their liberation from the inclosing 
iiiolher-cell-wall. 

E. Hamalococnis lacmlrh, showing nucleus (n«), single laige 
pyrenoid (fyr), and contractile vacuole \c.vac\ 

F. Diagram illustrating the movement of a flagellum ; ab, its ba.sc ; 
' !■", different positions assumed by its apex. (E, nfier Biilschli. ] 
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FLAGELLA 

the forward movement is accompanied by a rotation of ihe 
organism upon its longer axis. 

Careful watching shows that the outline of a swimming 
Hiematococcus does not change, so that there is evidently 
no protrusion of pseudopods, and at first the cause of 
the movement appears rather mysterious. Sooner or later, 
however, th^ Uttte creature is sure to come to rest, and there 
can then be seen projecting from the pointed end two exces- 
sively delicate colourless threads (Fig. 3, A,_;7), each about 
half as long again as the animalcule itself : these are called 
flagella or sometimes cilia} In a Hffimatococcus which 
has come to rest these can often be seen gently waving 
from side to side : when this slow movement is exchanged 
for a rapid one the whole organism is propelled through 
the water, the flagella acting like a pair of extremely fine 
and flexible fins or jjaddles. Thus the movement of 
Hsematococcus is not amteboid, i.e., produced by the pro- 
trusion and withdrawal of pseudopods, but is ciliary, i.e., 
due to the rapid vibration of cilia or flagella. 

The flagella are still more clearly seen by adding a drop 
■of iodine solution to the water : this immediately kills and 
stains the organism, and the flagella are seen to take on a 
distinct yellow tint. By this and other tests it is shown that 
Hfematococcus, like Amosba, consists of protoplasm, and 
that the flagella are simply filamentous processes of the 
protoplasm. 

It was mentioned above that in swimming the pointed end 

' The word ciliani is sametimes u^d as a gfneml lerin la include 
any ddiCBte vibrxtile process of protoplasm : often, however, it is used 
in a restricted sense for a rhythmically vibratine thread, of which each 
cell bears a considerable numbec (see Fig. S, E, and Fig, 21) ; a fl^el- 
lum is a cilhim having a whip-losh-Ukc movement, and each cell 
bearing only a limited number — one or two, or occasionally as many 
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with lilt flagella goes first ; this may therefore be distin- 
guished as the anterior extremity, the opposite or blunt 
end being posterior. So that, as compared with Amceba, 
Hjetnatococcus exhibits a differentiation of structure ; an 
anterior and a posterior end can be distinguished, and a 
part of the protoplasm is differentiated or set apart as 
flagella. 

The green colour of the body is due to the presence of 
a special pigment called chlorophyll, the substance to which 
the colour of leaves is due. That this is something quite 
distinct from the protoplasm may be seen by treatment with 
alcohol, which simply kills and coagulates the protoplasm, 
but completely dissolves out the chlorophyll, producing a 
clear green solution. The solution, although green by trans- 
mitted light, is red under a strong reflected light, and is 
hence fiuorescerit i when examined through the spectro- 
scope it has the effect of absorbing the whole of the blue 
and violet end of the spectrum as well as a part of the red.- 
The red colour which occurs in so many individuals, some- 
times almost replacing the green, is due to a colouring 
matter closely allied in its properties to chlorophyll and 
called hamatochroine. 

At first sight the chlorophyll appears to be evenly distri- 
buted over the whole body, but accurate examination under 
a high power shows it to be lodged in a variable number 
of irregular structures called chromatophores (Fig. 3, a, 
chr.), which together form a layer immediately beneath the 
surface. Each chromatophore consists of a protoplasmic 
substance impregnated with chlorojihyll. 

After solution of the chlorophyll with alcohol a nucleus 
(b, nu.') can be made out ; hke the nucleus of Amceba it is 
stained by iodine, magenta, &c. Other bodies which might 
easily be mistaken for nuclei are also visible in the living 
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mism. These are small ovoidal structures (a, pyr.\ 
nth clearly defined outlines occurring in varying numbers 
I the chromatophores. When treated with iodine they 
deep, apparendy black but really dark blue, 
x)lour. The assumption of a blue colour with iodine is the 
^aracteristic test of the well-known substance starch, as 
J letting a few drops of a weak solution of 
idine fall upon some ordinary washing starch. The bodies 
B question have been found to consist of a proteid substance 
mvered with a layer of starch, and are called pyrenoids. 
rch itself is a definite chemical compound belonging 
^ the group of carbo-hydrates, i.e., bodies containing the 
ments carbon, hydrogen, and oxygen ; its formula is 

In HEematococcus pluvialis there is no contractile vacuole, 
tut in another species, H. lacttstris, this structure is pte- 
i a minute space near the anterior or pointed end 
"(!Fig. 3, E, c. vac). 

There is still another characteristic structure to which no 
reference has yet been made. This appears at the first view 
iOmethtng like a delicate haze around the green body, but 
y careful focusing is seen to be really an extremely thin 
lobular shell (a, c.w.) composed of some colourless trans- 
arent material and separated by a space containing water 
I the body to which it is connected by very delicate 
idiating strands of protoplasm. It is perforated by two 
;mely minute apertures for the passage of the flagella. 
iously we may consider this shell as a cyst or cell- 
11 differing from that of an encysted Amosba (Fig. i, d) in 
t being in close contact with the protoplasm. 
\ more important difference, however, lies in its chemical 
tnposition. The cyst or cell-wall of Amceba, as stated in 
e preceding lesson (p. 11) is very probably nitrogenous : 
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that of Haematococcus, on the other hand, is formed of a 
carbohydrate called cellulose, allied in composition to 
starch, sugar, and gum, and having the formula Cg Hj^ O5. 
Many vegetable substances, such as cotton, consist of 
cellulose, and wood is a modification of the same com- 
pound. Cellulose is stained yellow by iodine, but iodine 
and sulphuric acid together turn it blue, and a similar 
colour is produced by a solution of iodine and potassium 
iodide in zinc chloride known as Schulze's solution. These 
tests are quite easily applied to Haematococcus : the proto- 
plasm stains a deep yellowish-brown, around which is seen 
a sort of blue cloud due to the stained and partly-dissolved 
cell-wall. 

It has been stated that in stagnant water in which it has 
been cultivated for a length of time Haematococcus some- 
times assumes an amoeboid form. In any case, after leading 
an active existence for a longer or shorter time it comes to 
rest, loses its flagella, and throws around itself a thick cell- 
wall of cellulose (Fig. 3, b), thus becoming encysted. So 
that, as in Amoeba, there is an alternation of an active 
or motile with a stationary or resting condition. 

In the matter of nutrition the differences between Haema- 
tococcus and Amoeba are very marked and indeed funda- 
mental. As we have seen, Haematococcus has no pseudopods, 
and therefore cannot take in solid food after the manner 
of Amoeba : moreover, even in its active condition it is 
usually surrounded by an imperforate cell-wall, which of 
course quite precludes the possibility of ingestion. As a 
matter of observation, also, however long it is watched it is 
never seen to feed in the ordinary sense of the word. Never- 
theless it must take in food in some way or other, or the de- 
composition of its protoplasm would soon bring it to an end. 
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HEematococcus lives in rain-water. This is never pure 
rater, but always contains certain mineral salts in solution, 
L especially nitrates, ammonia salts, and often scxiium chloride 
■ or common table salt. These salts, being crystalloids, can 
l:snd do diffuse into the water of organization of the ani- 
malcule, so that we may consider its protoplasm to be con- 
tanlly permeated by a very weak saline solution, the most 
mportant elements contained in which are oxygen, hydro- 
~ gen, nitrogen, potassium, sodium, calcium, sulphur, and 
phosphorus. 

If water containing a large quantity of Hfematococcus 
is exposed to sunlight, minute bubbles are found to appear 
in it, and these bubbles, if collected and properly tested, 
are found to consist largely of oxygen. Accurate chemical 
analysis has shown that this oxygen is produced by the de- 
composition of the carbon dioxide contained in solution in 
rain-water, and indeed in all water exposed to the air, the 

fas, which is always present in small quantities in the 
tmosphere, being very soluble in water. 
As the carbon dioxide is decomposed in this way, its 
oxygen being given off, it is evident that its carbon must be 
retained. As a matter of fact it is retained by the organism 
but not in the form of carbon ; in all probability a double 

Idecomposition takes place between the carbon dioxide ab- 
sorbed and the water of organization, the result being the 
liberation of oxygen in the form of gas and the simultaneous 
production of Bome extremely simple form of carbohydrate, 
'i.e., some compound of carbon, hydrogen, and oxygen, with 
& comparatively small number of atoms to the molecule. 
The next step seems to be that the carbohydrate thus 
formed unites with the ammonia salts or the nitrates absorbed 
from the surrounding water, the result being the formation 
imparatively simple nitrogenous compound, prob- 



L 



tI.EMATOCOCCUS less. 

abiy belonging to the class of amides, one of the best 
known of which— asparagin — has the formula C^ Hg Nj Og. 
Then further combinations take place, substances of greater 
and greater com])lexity are produced, sulphur from the ab- 
sorbed sulphates enters into combination, and proteids.are 
formed. From these, finally, fresh living protoplasm arises. 

From the foregoing account, which only aims at giving 
the very briefest outline of a subject as yet imperfectly un- 
derstood, it will be seen that, as in Amteba, the final result 
of the nutritive process is the manufacture of protoplasm, 
and that this result is attained by the formation of various 
substances of increasing complexity or anastates (see p. i8). 
But it must be noted that the steps in this process of con- 
structive metabolism are widely different in the two cases. 
In Amreba we start with living protoplasm — that of the prey 
— which is killed and broken uji into diffusible proteids, 
these being afterwards re-combined to form new molecules 
of the living protoplasm of Amceba. So that the food of 
Amceba is, to begin with, as complex as itself, and is first 
broken down by digestion into simpler compounds, these 
being afterwards re-combined into more complex ones. In 
Hsemato coccus, on the other hand, we start with extremely 
simple compounds, such as carbon dioxide, water, nitrates, 
sulphates, &c. Nothing which can be properly called diges- 
tion, i.e., a breaking up and dissolving of the food, takes 
place, but its various constituents are combined into sub- 
stances of gradually increasing complexity, protoplasm, as 
before, being the final result. 

To express the matter in another way : Amceba can only 
make protoplasm out of proteids already formed by some 
other organism : Hrematococcus can form it out of simple 
liquid and gaseous inorganic materials. 

Speaking generally, it may be said that these two methods 
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f nutrition are respectively characteristic of the two great 
roups of living things. Animals require solid food con- 
aining ready-made proteids, and cannot build up their pro- 
toplasm out of simpler compounds. Green plants, i.e., all 
e ordinary trees, shrubs, weeds, &c., take only liquid and 
" gaseous food, and built up their protopla.sm out of carbon 
dioxide, water, and mineral salts. The first of these methods 
of nutrition is conveniently distinguished as holozoic, or 

B wholly-animal, the second as hohphytU, or wholly-vegetal. 
It is important to note that only those plants or parts of 
;>lants in which chlorophyll is present are capable of holo- 
phytic nutrition. Whatever may be the precise way in which 
the process is effected, it is certain that the decomposition 
of carbon dioxide which characterizes this form of nutrition 

I is a function of chlorophyll, or to speak more accurately, of 
chromatophores, since there is reason for thinking that 
it is the protoplasm of these and not the actual green 
jngment which is the active agent in the process. 
I Moreover, it must not be forgotten that the decomposition 
ipf carbon dioxide is carried on only during daylight, so that 
organisms in which holophytic nutrition obtains are depend- 
ent upon the sun for their very existence. While Amccba 
derives its energy from the breaking down of the proteids 
1 its food (see p. 12), the food of Hiematococcus is too 
simple to serve as a source of energy, and it is only by the 
) of sunlight that the work of constructive metabolism 
I be earned on. This may be expressed by saying that 
Haematococcus, in common with other organisms, contaiii- 
g chlorophyll, is supplied with kinetic energy (in the form 
F light or radiant energy) directly by the sun. 
As in Amceba, destructive metabolism is constantly going 
n side by side with constructive. The protoplasm becomes 
J'Oxidized, water, carbon dioxide, and nitrogenous waste 
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matters being formed and finally got rid of. Obviously, 
then, absorption of oxygen must take place, or in other 
words, respiration must be one of the functions of the pro- 
toplasm of Hsematococcus as of that of Amoeba. In many 
green, /.^., chlorophyll-containing, plants, this has been proved 
to be the case ; respiration, i.e., the taking in of oxygen and 
giving out of carbon dioxide, is constantly going on, but 
during daylight is obscured by the converse process — the 
taking in of carbon dioxide for nutritive purposes and the 
giving out of the oxygen liberated by its decomposition. In 
darkness, when this latter process is in abeyance, the 
occurrence of respiration is more readily ascertained. 
^ Owing to the constant decomposition, during sunlight, of 

. "carbon dioxide, a larger volume of oxygen than of carbon 
dioxide is evolved ; and if an analysis were made of all 
the ingesta of the organism (carbon dioxide plus mineral 
salts plus respiratory oxygen) they would be found to con- 
tain less oxygen than the egesta (oxygen from decomposition 
of carbon dioxide plus water, excreted carbon dioxide and 
nitrogenous waste) ; so that the nutritive process in Hsema- 
tococcus is, as a whole, a process of deoxidation. In 
Amoeba, on the other hand, the ingesta (food plus respi- 
ratory oxygen) contain more oxygen than the egesta (faeces 
plus carbon dioxide, water, and nitrogenous excreta), the 
nutritive process being therefore on the whole one of 
oxidation. This difference is, speaking broadly, character- 
istic of plants and animals generally; animals, as a rule, 
take in more free oxygen than they give out, while green 
plants always give out more than they take in. 

But destructive metabolism is manifested not only in the 
formation of waste products, but in that of substances 
simpler than protoplasm which remain an integral part of 
the organism, viz., cellulose and starch. The cell-wall is 
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probabl)' fanned hf the com'CTsion of a thin supentcial 
layer of protoplasm into cellulose, the cyst attaining its final 
thickness by frequent repetition of the process (see p. 14). 
The starch of the pyrenoids is apparently formed by a similar 
process of decomposition or destructive metabolism of pro- 
toplasm, growth taking place in both instances by accretion 
and not by intussusception. 

We see then that destructive metabolism may result in the 
formation of (a) jvasU prodmts and (6) plastte froJiuts^ 
the former being got rid of as of no further use, while 
the latter remain an integral part of the organism. 

I Let us now turn once more to the mov-ements of Hsemato- 
pcoccus, and consider in some detail the manner of their 
performance. 

Each flagellum (Fig. 3, \,_fi) is a thread of protoplasm of 
uniform diameter except at its distal or free end where it 
tapers to a point. The lashing movements are brought 
about by the flagellum bending siiccessively in diiferent 
directions ; for instance, if in Fig. 3 f, abc represents it in 
;Ae position of rest, abc' will show the form assumed when 
deflected to the left, and ate " when the bending is 
iwards the right. In the position afe the two sides ab, ac 
obviously equal to one another, but in the flexed 
positions it is equally obvious that the concave sides ai:', be" 
are shorter than the convex aides be', ac" ; in other words, as 
the flagellum bends to the left side ac becomes shortened, 
:bs it bends to the right the side be. 

This may be otherwise expressed by sa3fing that, in bend- 
■ing to the left the side dccontracts (see p. 10), in bending to 
the right the side be, or that the movement is performed 
by the alternate contraction of opposite sides of the 
fc^llum. 
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Thus the ciliary movement of Haematococcus, like the 
amoeboid movement of Amoeba, is a phenomenon of con- 
tractility. Imagine an Amoeba to draw in all its pseudo- 
pods but two, and to protrude these two until they became 
mere threads; imagine further . these threads to contract 
regularly and rapidly instead of irregularly and slowly ; the 
result would be the substitution of pseudopods by flagella, 
/>., of temporary slow-moving processes of protoplasm 
by permanent rapidly-moving ones. 

To put the matter in another way : in Amoeba the 
function of contractility is performed by the whole organism ; 
in Haematococcus it is discharged by a small part only, viz., 
the flagella, the rest of the protoplasm being incapable of 
movement. We have therefore in Haematococcus a dif" 
ferentiation of structure accompanied by a differentiation of 
function or division of physiological labour. 

The expression "division of physiological labour" was 
invented by the great French physiologist, Henri Milne- 
Edwards, to express the fact that a sort of rough correspond- 
ence exists between lowly and highly organized animals 
and plants on the one hand, and lowly and highly organized 
human societies on the other. In primitive communities 
there is little or no division of labour : every man is his 
own butcher, baker, soldier, doctor, &c., there is no distinc- 
tion between " classes " and " masses," and each individual 
is to a great extent independent of all the rest. Whereas in 
complex civilized communities society is differentiated into 
politicians, soldiers, professional men, mechanics, labourers, 
and so on, each class being to a great extent dependent on 
every other. This comparison of an advanced society with 
a high organism is at least as old as .^sop, who gives 
expression to it in the well-known fable of " the Belly and 
Members." 
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We see the very first step towards a division of labour in 
the minute organism now under consideration. If we could 
cut off a pseudopod of Amoeba the creature would be little 
or none the worse, since every part would be capable of 
sending off similar processes, and so movement would be in 
no way hindered. But if we could amputate the flagella of 
Haematococcus its movements would be absolutely stopped. 

Hsematococcus multiplies only in the resting condition 
(p. 28, and Fig. 3, b) ; as in Amoeba its protoplasm undergoes 
simple or binary fission, but with the peculiarity that the 
process is immediately repeated, so that four daughter-cells 
are produced within the single mother-cell-wall (Fig. 3 c). 
By the rupture of the latter the daughter-cells are set 
free as the ordinary motile form ; sometimes they acquire 
their flagella and detached cell-wall before making their 
escape (d). 

Under certain circumstances the resting form divides into 
eight instead of four daughter-cells, and these when liberated 
are found to be smaller than the ordinary motile form, and 
to have no cell-wall. Haematococcus is therefore dimorphic^ 
i.e., occurs, in the motile condition, under two distinct 
forms : the larger or ordinary form with detached cell -wall 
is called a megazooid^ the smaller form without a cell-wall a 
microzooid. 
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LESSON III 

HETEROMITA 

When animal or vegetable matter is placed in water and 
allowed to stand at the ordinary temperature, the well-known 
process called decomposition sooner or later sets in, the 
water becoming turbid and acquiring a bad smell. A drop 
of it examined under the microscope is then found to teem 
with minute organisms. To one of these, called **the 
Springing Monad," or in the language of zoology, Hetero- 
viita 7'ostrata^ we must now direct our attention ; it is 
found in infusion of cod's head which has been allowed to 
stand for two or three months. 

Heteromita (Fig. 4, a) is considerably smaller than either 
Amoeba or Haematococcus, being only y^ mm. (^^Vu inch) 
in average length. It has a certain resemblance in general 
form to Haematococcus, being somewhat ovoidal and pointed 
at one end. Like Haematococcus also it has two flagella, 
but only one of these {fl. i) proceeds from its beak-like 
anterior end and is directed forwards as the creature swims ; 
the other (fl, 2) springs a short distance from the beak, and 
in the ordinary swimming position is trailed after the 
organism as in a^ and f^. Thus in Heteromita, besides an 
anterior and a posterior end, we may distinguish a ventral 
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I surface which is directed downwards in the ordinary 
position, and bears the second or trailing flagellum, and an 

I opposite or dorsal surface directed upwards. 

Often instead of swimming freely in the fluid a Hetero- 

I niita is found anchored as it were to a bit of the decompos- 

I ing substance by its ventral flagellum as in a^. Under 

I these circumstances it is in constant movement, springing 
backwards and forwards by alternately coiling and uncoiling 
the attached ventral flageilum. The general character of 

I the movement will be readily understood from the figure, in 
which A^ shows the monad with coiled flagellum, a^ after it 
has sprung forward to the full extent of the flagellum, It 

, is from this curious habit that the name " springing monad " 

I is derived. 

Towards the posterior end of the body is a nucleus («w), 

I and at the anterior end a contractile vacuole (c. vac). There 
s no trace of an investing membrane or cell-wall, and the 

I protoplasm is colourless. Also, as is invariably the case 

Kwith organisms devoid of chlorophyll, there is no starch. 

:onsidering the nutrition of Heteroniita it is necessarj-, 

I first of all, to take into consideration the precise nature of 

its surroundings. It lives, as already stated, in decomposing 

infusions of animal matter. Such infusions contain proteids 

I in solution, in part split up by the process of decomposition 

I into simpler compounds some of which are diffusible ; this 

I process is due, as we shall see hereafter (Lesson VIII.), to 

I the action of the minute organisms known as Bacteria, 

which are always present in vast numbers in putrescent 

I substances. 

As Heteromita contains no chlorophyll its nutrition is 
[ obviously not holophytic. Observation seems to show 
I pretty conclusively that it is not holozoic : apart from the 




Fig. 4. — Heteromita rostrata. 
A^ the living organism, showing nucleus (««), contractile vacuole 
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F.*, free-swimmii^ and anchorEd fbnns aboul to conjugate : e', com- 
mencement of coDJugatioQ ; e", e', two stages in Ibe development of 
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f' — F*, four stages in Ihe development of the spores. 

(After Dallinger.) 

fact that it possesses neither mouth nor pseudopods, examples 

' have been kept under obsen-ation for hours together by 

trained microscopists, and have never been observed to 

ingest the bacteria or other particies, dead or alive, contained 

in the fluid. There remains only one way in which 

nutrition can take place, namely, by absorption of the 

proteids and other nutrient substances in the solution, i.e., 

by these substances diffusing into the water of organization 

of the monad. Whether the proteids are rendered diffusible 

by the process of decomposition alone, i.e., by the action 

of bacteria (see p. 91), or whether a kind of surface 

digestion takes place, the protoplasm of Heteromita con- 

I verting the proteids in immediate contact with it into pep- 

1 tones or allied compounds, is not certain. 

I Thus Heteromita feeds neither by taking solid pro- 

I teinaceous food into its interior (holozoic nutrition) nor by 

I decomposing carbon dioxide and combining the carbon with 

I water and mineral salts (holophytic nutrition), but by absorb- 

I ing decomposing proteids and other nutrient substances in 

I the liquid fonn ; this is the saprophytic mode of nutrition. 

I It will be seen that tht main difference between saprophytic 

I and holozoic nutrition is that in the former digestion, i.e., 

I the process of rendering food-stuffs soluble and diffusible. 
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takes place outside the body so that constructive meta- 
bolism can begin at once. 

It is worthy of notice that while the process of feeding is 
strictly intermittent in Amoeba, which only takes in food at 
intervals, and largely intermittent in Haematococcus, in which 
the decomposition of carbon dioxide takes place only during 
daylight, in Heteromita it is continuous, the organism living 
in a solution of putrefying proteids which it is constantly 
absorbing. It may be said to live immersed in an immense 
cauldron of broth which it is for ever imbibing, not by its 
mouth, for it has none, but by the whole surface of its 
body. 

Respiration and excretion probably take place in the same 
manner as in Amoeba. It has been shown that the optimum 
temperature for saprophytic monads is about i8° C, the 
ultra-maximum or thermal death-point about 60° C. But 
it is an interesting fact that by very slowly increasing the 
temperature. Dr. Dallinger was able in the course of several 
months to accustom some of these forms — not Heteromita 
itself but closely allied genera — to live at a temperature 
exceeding 68° C. 

The ordinary method of reproduction is by simpje fission, 
the process affecting not only the body but the flagella 
as well. In Fig 4, b^, the commencement of fission is 
shown ; the anterior flagellum has undergone complete 
longitudinal division, while the split has only extended about 
a third of the length of the body and ventral flagellum. In 
b2 the process has gone further, and in b^ the products of 
division are on the point of separating. 

More frequently, however, fission instead of being longitudinal, i.e.^ 
in the direction of the long axis of the monad, is transverse, i.e,, at 
right angles to the long axis. This process is shown in c^ — C^, and is 
seen to differ from that described in the preceding paragraph in the cir- 
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X thai (be anterior H^gellmu of the parenl (nna a niuSM^leiJ, and 
becomes wilbout alieracion the aatmtJi fl«£elluin of one of ibe Juigfaler- 
Ibtms — that to tbe r^t in tlie figures. The antetior ttagellum of ihe 
odier product of division— that to tbe lell— is a new sliuclim Ginned u 
an OBtgRMrth &idid ibe bodj : its coinmeDCeiiieiit is shown in C*,^. I*. 

These two modes of fissioo — tongiludinal and tiansveise~<botfa occui 
in the anchored fonn of Heteromila, I'.t, in individucils attached by 
the venirat Bagellam. Tbc ftee-swimmii^ form ptesenis a Ihutl 
variety of the process. It comes to lest, loses its re^lar outline (d'), 
becoming almost amiEboid in fonn and finally (r>*}glohulir. Divkioo 
■hen takes place : the Shigella of the parent become each the anterior 
flaeetlom of one of the daughter-cells (compare d', n', and r>'), while 
their ventral dagells are formed by the E^pltlting nf n litlk oal{^wlh of 

■ the dividing body \v\JI. l'). 

1 Amoeba fission is invariably preceded by division 
if the nucleus, 

Heteromita fission is not the only mode of rejiro- 
•ductioD. Under certain circumstances a free-swimming form 
jtappioaches an anchored form, and applies itself to il in such 

■ a way that the posterior ends of tlie two are in cimtnct (e'). 
I The two individuals then fuse with one another as compietciy 
I as two drops of gum on a plate unite when brought into 
K contact. Fusion of the nuclei also takes place, and there is 
[ formed an irregular body (e^) with a single nucleus and 

with two flagella at each end, This swims about freely, and 
as it does so the last trace of distinction between the two 
monads of which it is formed is lost, and a triangular form 
s assumed (s?), the two pairs of cilia being situated at two 

Jof the angles. Still later the protoplasm of this triangular 
Jody loses all trace of nucleus, granules, &c., and becomes 

p perfectly clear (e*) : then it comes to rest and loses its 
flagella, appearing as a clear, homogeneous, three -cornered 
sac with slightly convex sides (e^). This body, formed by 
the conjugation of the two monads, is called a zygotf, the 

fctwo conjugating individuals being distinguished as gameUi. 
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The zygote remains quiescent for some time, and then, after 
undergoing wave-like movements of its surface, bursts at its 
three angles (e^), its contents escaping in the form of granules 
called spores^ so minute as to be barely visible even under 
the highest powers of the best modern microscopes. They 
are formed by the protoplasm of the zygote dividing into an 
immense number of separate masses, a process known as 
viultiple fission. 

Carefully watched, these almost ultra-microscopic particles 
(f^) are found to grow into clear visibility and to take on a 
distinctly oval shape (f^). Still increasing in size they 
develop a ventral flagellum (f^) which is at first quite 
quiescent : finally, the pointed end sends out a process which 
becomes an anterior flagellum (f*). The spore has now 
become a Heteromita resembling the parent form in all but 
size. 

It will be seen that this remarkable mode of multiplication 
by conjugation differs from multiplication by fission in the 
fact that it requires the co-operation of two individuals which 
undergo complete fusion. As we shall see more plainly 
later on (Lessons XV. and- XVI.) conjugation is the simplest 
case of sexual reproduction^ differing from the sexual repro- 
duction of the higher organisms in that the two conjugating 
bodies or gametes are each an entire individual, and in the 
further circumstance that the gametes resemble one another 
in form and size, so that there is no distinction of sex,^ but 
each takes an equal and similar share in the production of 
the zygote. Binary fission, on the other hand, is an example 
of asexual reproduction. 

^ It might perhaps be allowable to consider the active, free- 
swimming monad which seeks and attaches itself to the anchored form 
as a male, and the passive anchored form as a female gamete 
(see Lesson XII.). 



Ill LIFE HISTORY 43 

Notice also another important fact. The spores when 
first emitted from the ruptured zygote are mere granules of 
protoplasm, approaching as nearly as anything in nature to 
the mathematical definition of a point, " without parts and 
without magnitude." And during its growth a spore increases 
not only in size but also in complexity, in other words 
undergoes a progressive differentiation or development 
This is an instance of the principle known as Von Baer's 
law, according to which " development is a progress from 
the simple to the complex, from the general to the special, 
from the homogeneous to the heterogeneous." In Heteromita, 
then, we have our first instance of development, since in 
simple fission there is no development, each product of 
division being from the first similar to the parent in all but 
size. 

Lastly, Heteromita is the first instance we have had of 
an organism with a definite life-history. It multiplies 
asexually by simple fission producing free-swimming and 
anchored forms : these conjugate in pairs forming a zygote, 
in which, by multiple fission, numerous spores are formed : 
the spores develop into the adult form, asexual multiplica- 
tion begins once more, and so the cycle of existence is 
completed. 

It must be borne in mind that further researches may 
reveal the occurrence of a true, sexual process in Amoeba 
and Hsematococcus. 



LESSON IV 



EUGLENA 



The rain-water collected in puddles by the road-side, on 
roofs, &c., is often found to have a bright green colour : 
this is sometimes due to the presence of delicate water 
weeds visible to the naked eye (Lesson XVI.), but frequently 
the water when held up to the light in a glass vessel appears 
uniformly green, no suspended matter being visible to the 
unaided sight. Under these circumstances the green colour 
is frequently due to the presence of vast numbers of an 
organism known as Euglena viridis. 

Although microscopic, Euglena is considerably larger than 
either Hsematococcus or Heteromita, its length varying from 
t}^ mm. to \ mm. The body is spindle-shaped, wide in the 
middle and narrow at both ends (Fig. 5, a — e) : one 
extremity is blunter than the other, and from it proceeds 
a single long flagellum {fl) by the action of which the 
organism swims with great rapidity, the flagellum being, 
as in Hsematococcus, directed forwards. Besides its rapid 
swimming movements Euglena frequently performs slow 
movements of contraction and expansion, something like 
those of a short worm, the body becoming broadened out 
first at the anterior end, then in the middle, then at the 
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osterior end, twisting to the right and left, and su on (Fig. 
J-S, A — d). These movements are so characteristic of the 
IS that the name etigknoid is applied to them. 




I! 

^^H Fig. ^.-Eughnavh-idU. 

^^^V A — D, four view^ of ibe living organism, showing Ihe changes of foim 
^^^^irodnced by ihe characterisiic euglenoid movements. 
II ■ E, enlarged view, showing the nucleus (bii), reservoir of the cgn- 

tractile vioiole \c.vai\, with adjacent pigment spot, and gullet with a 
lingte flagellum springing from it. 

K, enlaiged view of the anterior end of E, showing pigment-spol 
(i^ and reservoir (f. -uac), moulh (m), gullet (ir. r|, and origin of 
BageUmnt/r). 

G, resting form after binary lission, showing cyst or cell-wall {ey), 
aod the nuclei {nu) and reservoirs (i. vac) of the daughter-cells. 

H, active form showing contractile vncuole (r. vac), reservoir (r), 
and panunylum -bodies (p\ 

(A— G, after -Saville Kent : H, froni BUlschli after Klebs.) 

The body consists of protoplasm covered with a very 
delicate skin or cutide which is often finely striated, and 
is to be looked upon as a superficial hardening of the 
protoplasm. The green colour is due to the presence of 
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chlorophyll, which tinges all the central part of the body, 
the two ends being colourless. It is difficult to make out 
whether the chlorophyll is lodged in one chromatophore or 
in several. 

In Haematococcus we saw that chlorophyll was asso- 
ciated with starch (p. 27). In Euglena there are, near the 
middle of the body, a number of grains of paramylum 
(h, /), a carbohydrate of the same composition as starch 
(CgHj^Og), but differing from it in remaining uncoloured 
by iodine. 

Water containing Euglena gives off bubbles of oxygen in 
sunlight : as in Haematococcus the carbon dioxide in solution 
in the water is decomposed in the presence of chlorophyll, 
its oxygen evolved, and its carbon combined with the 
elements of water and used in nutrition. For a long time 
Euglena was thought to be nourished entirely in this way, 
but there is a good deal of reason for thinking that this is 
not the case. 

When the anterior end of a Euglena is very highly 
magnified it is found to have the form shown in Fig. 5, f. 
It is produced into a blunt snout-like extremity at the base 
of which is a conical depression (of. s) leading into the soft 
internal protoplasm : — ^just the sort of depression one could 
make in a clay model of Euglena by thrusting one's finger or 
the end of a pencil into the clay. P>om the bottom of this 
tube the flagellum arises, and by its continual movement 
gives rise to a sort of whirlpool in the neighbourhood. By 
the current thus produced minute solid food-particles are 
swept down the tube and forced into the soft internal 
protoplasm, where they doubtless become digested in the 
same way as the substances ingested by an Amoeba. That 
solid particles are so ingested by Euglena has been proved 
by diffusing finely powdered carmine in the water, when the 
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coloured particles were seen to be swallowed in the way 
described. 

The depression in question is therefore a gullet^ and its 
external aperture or margin (vi) is a mouth, Euglena, 
like Amoeba, takes in solid food, but instead of ingesting it 
at almost any part of the body, it can do so only at one 
particular point where there is a special ingestive aperture 
or mouth. This is clearly a case of specialization or 
differentiation of structure : in virtue of the possession of a 
mouth and gullet Euglena is more highly organized than 
Amoeba. 

It thus appears that in Euglena nutrition is both holozoic 
and holophytic : very probably it is mainly holophytic during 
daylight and holozoic in darkness. 

Near the centre of the body or somewhat towards the 
posterior end is a nucleus (e, 7iii) with a well-marked 
nucleolus, and at the anterior end is a clear space (c, vac) 
looking very like a contractile vacuole. It has been shown, 
however, that this space is in reality a non-contractile cavity 
or reservoir (h, r) into which the true contractile vacuole 
{c, vac) opens, and which itself discharges into the gullet? 

In close relation with the reservoir is found a little bright 
red speck {pg) called the pigment spot or stigma. It con- 
sists of haematochrome (see p. 26) and is curiously like an 
eye in appearance, so much so that it is sometimes known 
as the eye-spot. There seems, however, to be no reason for 
assigning a visual function to it : indeed it has been shown 
that the greatest sensitiveness to light is manifested by the 
colourless anterior end of the body. 

As in Haematococcus a resting condition alternates with 
the motile phase : the organism loses its flagellum and 



48 EUGLENA less, iv 

surrounds itself with a cyst of cellulose (Fig. 5, g, cy\ from 

which, after a period of rest, it emerges to resume active 

life. 

Reproduction takes place by simple fission of the resting 

form, the plane of division being always longitudinal (g). 
Sometimes each product of division or daughter-cell divides 
again : finally the two, or four, or sometimes even eight 
daughter-cells emerge from the cyst as active Euglense. 
A process of multiple fission (p. 42) has also been de- 
scribed, numerous minute active spores being produced 
which gradually assume the ordinary form and size. 




PROTOMYXA AND THE MYCETOZOA 

HEN Professor Haeckel was investigating the zoology of 
e Canary Islands more than twenty years ago he discovered 
I very remarkable organism which he named Proimnyxa 
' auranliaca. It was found in sea-wator attached to a shell 
called Spittda, and was at once noticeable from the bright 
orange colour which suggested its specific name. Appar- 
ently no one has since been fortunate enough to find it. 

In its fully developed stage Protomyxa is the largest of all 
the organisms we have yet studied, being fully imm. (jV inch) 
in diameter, and therefore visible to the naked eye as a 
small orange speck. In general appearance (Fig. 6, a) it is 
not unlike an immense Amceba, the chief difference lying 
a the fact that the pseudopods {jisd) instead of being short, 
Uunt processes, few in number {comp. Fig. i, p. 2) are very 
i, slender, branching threads which ofi:en unite with 
Bjme another so as to form networks. No nucleus was ob- 
served ' and no contractile vacuole, but it is quite p 
that a renewed examination might prove the presence of one 
^^ or both of these structures. 
^L The figure (a) is enough to show that nutrition is holozoic, 
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Fig. 6. — rrotomyxa auratitiara. 
A, the living organism (plasmodiiim), showing fine branched psendo- 
[)ods {psd\ and several ingested organisms, 
n, the same, encysted : o* ^^ cell-wall. 

c, the protoplasm of the encyated form breaking up into spores. 
n, dehiscence of the cyst and emergence of 
?., tliigcUulK which Rfterwards become converted into 

o, amcebula: unitingto form a Plasmodium. (After Haeckcl.) 
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'he specimen has ingested several minute organisms and is 
I'in the act of capturing another. 

But the main interest of Protomyxa lies in its very curious 

I and complicated life-history. After crawling over the Spirula 

V.ghell for a longer or shorter time it draws in its pseudopods, 

■.'comes to rest, and surrounds itself with a cyst (b, ly). The 

somposition of the cyst is not known, but it is apiiarently not 

Sellulose, since it is not coloured by iodine and sul])huric 

w:id (p. 28). 

Next, the encysted protoplasm undergoes multiple fission, 
jSividing into a number of spores (c) : soon the cyst bursts 
and its contents emerge (d) as bodies which differ utterly in 
appearance from the amoeboid form from which we started. 
Each spore has in fact become a little ovoid body of an 
ige colour, provided with a single flagellum {e, _/?) by the 
Ishing of which it swims through the water after the manner 
f a. monad. 

' It is convenient to have a name by which to distinguish 

; fiageliale bodies, just as we have sj^ecial names for 

e young of the higher animals, such as tadpoles or kittens. 

rom the fact of their distinguishing character being the 

1 of a flagellum they are called flageUulee ; the 

me name will be applied to the flagellate young of various 

Kher organisms which we shall study hereafter. 

After swimming about actively for a time each flagellula 

littles down on some convenient substratum and undergoes 

J* remarkable change : its movements become sluggish, its 

veutline irregular, and its flagellum short and thick, until it 

Finally takes on the form of a little Amteba (f). For this 

■ Stage also a name is required : it is not an Aniccha but an 

amffiboid phase in the life-history of a totally different 

organism : it is called an amwbula. 

The process just described may be taken as a practical 
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proof of the statement made in a previous Lesson (p. 34) 
that a flagellum is nothing more than a dehcate and rela- 
tively permanent pseudopod. In Protomyxa we have a 
flagellula directly converted into an amcebiila, the flagellum 
of the former becoming one of the pseudopods of the 
latter. 

The amoebulEE thus formed may simply increase in size 
and send out numerous delicate pseudopods, thus becoming 
converted into the ordinary Protomyxa-form. Frequently, 
however, they attain this form by a very curious process : 
Ihey come together in twos and threes until they are in 
actual contact with one another, when they undergo complete 
and permanent fusion (g). In this case the Protomyxa-form 
is produced not by the development of a single amcebula 
but by the conjugation or fusion of a variable number of 
amcebula;. A body formed in this way by the fusion of 
aracebulfe is called 3. Plasmodium, so that in the life-hiatory 
of Protomyxa we can distinguish an encysted, a ciUated or 
flagellate, an amceboid, and a plasmodial phase. 

The nature of a plasmodium will be made clearer by a 
short consideration of the strange group of organisms known 
as Mycetosoa or sometimes " slime-fungi." They occur 
as gelatinous masses on the bark of trees, on the surface of 
tan-pits, and sometimes in water. It must be remembered 
that Myceiozoa is the name not of a genus but of a class 
in which are included several genera, such as Badhamia, 
Chondriodtrma, &c. (see Fig. 7) ; a general account of the 
class is all that is necessary for our present purpose. 

The Mycetozoa consists of sheets or networks of proto- 
plasm which may be as much as 30 cm. (ift.) in diameter, 
and throughout the substance of which are found numerous 
nuclei. In this condition they creep about over bark or some 
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7.— A, part of Uie plas.iiuUiuiii i,l i.a.Ma'ina{X 3j) ; K i 
short pseudopod enclosing a bit of mushioom stem. 

B, spore of Chondriodemia. 

C, the same, nndeigoing dehiscence. 

D, fl^luJffi iiberaled from spores of the same. 

E, amcebulfe formed by metamorphosis of ilagellula,-. 
' roamcebkils about to fuse : ?', the same after complete union. 

', two stages in the formation of a three-celled plasmodiiim. 
Bmoll Plasmodium. 
I (A, after Lister : B— R, from Sachs after Cienkowslti.) 
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other substance : and in doing so ingest solid food 
(Fig. 7, a). It has been proved that they digest protoplasm : 
and in one genus pepsin — the constituent of our own gastric 
juice by which the digestion of proteids is effected (see p. 1 2) 
— has been found. They can also digest starch which 
has been swollen by a moderate heat — as in our own bread 
and rice-puddings — but are unable to make use of raw 
starch. 

After living in this free condition, like a gigantic terrestrial 
Amoeba, for a longer or shorter time, either a part or the 
whole of the protoplasm becomes encysted ^ and breaks up 
into spores. These (b) consist of a globular mass of proto- 
plasm covered with a wall of cellulose : the cysts are also 
formed of cellulose. 

By the rupture of the cell-wall of the spore (c) the proto- 
plasm is liberated as a flagellula (d) provided with a nucleus 
and a contractile vacuole, and frequently exhibiting amoeboid 
as well as ciliary movements. After a time the flagellulae 
lose their cilia and pass into the condition of amoebulae (e), 
which finally fuse to form the plasmodium with which 
we started (f — h). In the young plasmodia (g^) the 
nuclei of the constituent amoebulae are clearly visible, and 
from them the nuclei of the fully developed plasmodia are 
probably derived. It would seem, therefore, that in the 
fusion of amoebulae to form the plasmodium of Mycetozoa the 
'cell-bodies (protoplasm) alone coalesce, not the nuclei. 

There is a suggestive analogy between this process of 
plasmodium-formation and that of conjugation as seen in 
Heteromita. Two Heteromitae fuse and form a zygote the 

' The process of formation of the cyst or sporangium is a compli- 
cated one, and will not be described here. See De Bary, Fun^i^ 
Mycetozoa^ and Bacteria {OySox^, 1 887). 
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protoplasm of which divides into spores. In Protomyxa and 
the Mycetozoa not two but several amoebulae unite to form 
a Plasmodium which after a time becomes encysted and 
breaks up into spores. So that we might look upon the 
conjugation of Heteromita as an extremely simple plasmo- 
dial phase in its life-history, or upon the formation of a 
Plasmodium by Protomyxa and the Mycetozoa as a process 
of multiple conjugation. 

There is, however, an important difference between the 
two cases by reason of which the analogy is far from complete. 
In Heteromita the nuclei of the two gametes are no longer 
visible (p. 41) : they coalesce during conjugation, and 
the product of their union subsequently, in all probability, 
breaks up to form the nuclei of the spores. In the Myce- 
tozoa neither fusion nor apparent disappearance of the 
nuclei of the amcebulae has been observed. 



LESSON VI 

A COMPARISON OF THE FOREGOING ORGANISMS WITH CER- 
TAIN CONSTITUENT PARTS OF THE HIGHER ANIMALS 
AND PLANTS 

When a drop of the blood of a crayfish, lobster, or crab is 
examined under a high power, it is found to consist of a 
nearly colourless fluid, the plasma^ in which float a number 
of minute solid bodies, the blood-corpuscles or leucocytes. 
Each of these (Fig. 8, a) is a colourless mass of proto- 
plasm, reminding one at once of an Amoeba, and on 
careful watching the resemblance becomes closer still, for 
the corpuscle is seen to put out and withdraw pseudopods 
(a^ — A^) and so gradually to alter its form completely. 
Moreover the addition of iodine, logwood, or any other 
suitable colouring matter reveals the presence of a large 
nucleus (a^, a^, nti) : so that, save for the absence of a con- 
tractile vacuole in the leucocyte, the description of Amoeba 
in Lesson L would apply almost equally well to it. 

The blood of a fish, a frog (b^), a reptile, or a bird contains 
quite similar leucocytes, but in addition there are found in 
the blood of these red-blooded animal bodies called red 
corpuscles. They are flat oval discs of protoplasm (b^ b^) 
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Fig. S.— Typical Animal and Vegetable Cells. 

a'- — a', living leucocyle (blood corpuscle) of a crayfish showing 
amicboid movements ; A", A', the same, killed and stained, showing 
the nucleus (ru). 

b', leucocyte of the frog, «« the nucleus ; b", two leucocytes 
beginning to conjugate : b', the same after conjugation, a binucleate 
Plasmodium being formed : b', a leucocyte undergoing binary fission ; 
11°, sur&ce view and b', edge view of a red corpuscle of the same, 
na, the nucleus. 

tf, c*, leucocytes of the newt ; in c' particles of verniilion, repre- 
sented by black dots, have been ingested. 

C*, surface Tiew and C*, edge view of a red corpuscle of man. 

D', columnar epithelial cells from intestine of frog ; D-, .1 iiiiiilar 
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cell showing striated distal border from which in d' pseudopods are 
protruded. 

E^, ciliated epithelial cell from mouth of frog : e', e', similar cells 
from windpipe of dog. 

F^, parenchyma cell from root of lily, showing nucleus (««), vacuoles 
{vac), and cell-wall : F^, a similar cell from leaf of bean, showing 
nucleus, vacuoles, cell-wall and chromatophores [ckr). 

(b, d*, and E^, after Howes : c, E^, and e', after Klein and Noble 
Smith : D^, d', after Wiedersheim ; f\ after Sachs : F*, after Behrens. ) 

coloured by a pigment called Immoglobin^ and provided 
each with a large nucleus (nii) which, when the corpuscle is 
seen from the edge, produces a bulging of its central part. 
These bodies may be compared to Amoebae which have 
drawn in their pseudopods, assumed a flattened form, and 
become coloured with haemoglobin. 

In the blood of mammals, such as the rabbit, dog, or man, 
similar leucocytes occur, but their red blood corpuscles (c^c^) 
have the form of biconcave discs, and are devoid of nuclei. 

In many animals the leucoc5rtes have been observed to 
ingest solid particles (c^), to multiply by simple fission (b^) 
and to coalesce with one another forming plasmodia (b^) 

(P- 52). 

The stomach and intestines of animals are lined with a 
sort of soft slimy skin called mucous membrane. If a 
bit of the surface of this membrane — in a frog or rabbit for 
instance — is snipped off and " teased out," />., torn apart 
with needles, it is found when examined under a high power 
to be made up of an immense number of microscopic 
bodies called epithelial cells^ which in the living animal, lie 
close to one another in the inner layer of mucous mem- 
brane in something the same way as the blocks of a wood 
pavement lie on the surface of a road. An^ epithelial; cell 
(d^, d^) consists of a rod-like mass of protoplasm, contain- 
ing a large nucleus, and is therefore comparable to an 
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elongattd Ainceba without pseudopods. In some animals 
the resemblance is still closer : the epithelial ceUs have been 
observed to throw out pseudopods from their free surfaces 
(d*), that is, from the only part where any such movement 
is possible, since they are elsewhere in close contact with 
their fellow cells. 



The mouth of the frog and the trachea or windpipe of air- 
breathing vertebrates such as reptiles, birds, and mammals, 
are also lined with mucous membrane, but the epithelial 
cells which constitute its inner layer differ in one important 
respect from those of the stomach and intestine. If ex- 
amined quite fresh each is found to bear on its free surface, 
i.e., the surface which bounds the cavity of the mouth or 
windpipe, a number of delicate protoplasmic threads or 
cilia (e^— E^) which are in constant vibratory movement. In 
the process of teasing out the mucous membrane some of 
the cells are pretty sure to become detached, and are then 
seen to swim about in the containing fluid by the action 
of their cilia. These ciliated epithelial cells remind one 
strongly of Heteromita, except for the fact that they bear 
nmnerous cilia in constant rhythmical movement instead of 
two only — in this case distinguished as flagella — presenting 
an irregular lashing movement. 

Similar ciliated epithelial cells are found on the gills of 
oysters, mussels, &c., and in many other situations. 



The stem or root of an ordinary herbaceous plant, such 
as a geranium or sweet-pea, is found when cut across to 
consist of a central mass of pith, around which is a circle 
of woody substance, and around this again a soft greenish 
material called the cortex. A thin section shows the latter 
be made up of iiinumerable polyhedral bodies called 
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parenchyma cells, fitting closely to ont another like the 
bricks in a wall. 

A parenchyma cell examined in detail (F')is seen to 
consist of protoplasm hollowed out internally into one or 
more cavities or vacuoles (vac) containing a clear fluid. 
These vacuoles differ from those of Amosba, Heteromita, or 
Euglena in being non-contractile ; they are in fact mere 
cavities in the protoplasm containing a watery fluid : the 
layer of protoplasm immediately surrounding them is denser 
than the rest. Sometimes there is only one such space 
occupying the whole interior of the cell, sometimes, as in 
the example figured, there are several, separated from one 
another by delicate bands or sheets of protoplasm. The 
cell contains a large nucleus {nu) and is completely enclosed 
in a moderately thick cell-wall composed of cellulose. 

The above description applies to the cells composing the 
deeper layers of the cortex, i.e., those nearest the woody 
layer : in the more superficial cells, as well as in the internal 
cells of a leaf, there is something else to notice. Imbedded 
in the protoplasm, just within the cell wall, are a number of 
minute ovoid bodies of a bright green colour (f^, chr). 
These are chromatophores or chlorophyll corpuscles ; they 
consist of protoplasm coloured with chlorophyll which can 
be proved experimentally to have the same properties as 
the chlorophyll of HEmatococcus and Euglena. 

Such a green parenchyma cell is clearly comparable with 
an encysted HEinatococciis or Euglena, the main differences 
being that in the plant cell the form is polyhedral owing to 
the pressure of neighbouring cells and that the chromato- 
phores are relatively small and numerous. Similarly a 
colourless parenchyma cell resembles an encysted Amoeba. 

The pith, the epidermis or thin skin which forms the 
outer surface of herbaceous plants, the greater part of the 
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leaves and other |Jortions of the plant may be shown to 
consist of an allegation of tells agreeing in essential 
I respects with the above description. 

I We come therefore to a very remarkable result. The 
t higher animals and plants are built up — in part at least — of 
L elements which resemble in their essential features the 
I minute and lowly organisms studied in previous lessons. 
J Those elements are called by the general name of iV^/j' . 
I hence the higher organisms, whether plants or animals, are 
I mttlticeliular or are to be considered as cell-aggregates, 
I while in the case of such beings as Amceba, Hseniatococ- 
I cus, Heteromita, or Euglena, the entire organism is a 
I single cell, or is unicellular. 
\ Note further that the cells of the higher animals and 

plants, like entire unicellular organisms, may occur in either 
I the amceboid (Fig. 8, a, b' c',) the ciliated (e), or the 
I encysted (f) condition, and that a plasmodial phase (b^) is 

sometimes produced by the union of two or more amoeboid 
L cells. 

One of the most characteristic features in the unicellullar 
t organisms described in the preceding lessons is the con- 
I stancy of the occurrence of binary fission as a mode of 
I multiplication. The analogy between these organisms and 
\ the cells of the higher animals and plants becomes still 
I closer when we find that in the latter also simple fission is 
I the normal mode of multiplication, the increase in size of 
L growing parts being brought about by the continual division 
I of their constituent cells. 

I The process of division in animal and vegetable cells 
lis frequently accompanied by certain very characteristic and 
r«DmpIicated changes in the nucleus to which we must now 
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direct our attention. First of all, however, it mil be neces- 
sary to describe the exact microscopic structure of cells and 
their nuclei as far as it is known at present. 







Fig 9 — A, Cell I u the gen tal r dge of a young salflniander, 
showing cell membrane (c m) protoplasm r cell bi dy (c 6) w ih 
directive sphere (i) and entral pan cle ( ) ind nucleus w Ih memb one 
[nu m) and irregul-ir network of chromBl n (c/r) 

s. Cell from the immature stamen of a lily, showing cell-wall (r. ?i'], 
protoplasm with two directive spheres (i), and nucleus as in A. 

Both, figures very highly magnified. 

(a, from a drawing hy Mr. J. E. S. Moore ; B, after Guignard.) 

There seems to be a good deal of variation in the precise 
structure of various animal and plant cells, but the more 
recent researches show that in the cell-body or protoplasm 
(Fig. 9, c. b) two constituents may be distinguished, a clear 
serai-fluid substance, traversed by a delicate sponge-work. 
Now under the microscope the whole cell is not seen at 
once but only an optical section of it, that is all the 
parts which are in focus at one time : by altering the 
focus we view the object at successive depths, each view 
being pracrically a slice parallel to the lenses of the 
instrument. This being the case, protoplasm presents the 
microscopic appearance of a clear or slightly granular 
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matrix traversed by a delicate network. In the epithe- 
lial cells of animals the protoplasm is bounded exter- 
nally by a cell-membraHt {Fig. 9, a, e. ni) of extreme 
tenuity, in plants by a cell-wall (b, c. iv) of cellulose : in 
amceboid cells the ectosarc or transparent non-granular 
portion of the cell consists of clear protoplasni only, the 
granular endosarc a!one possessing the sponge work. In 
the majority of full-grown plant ceils (Fig. 8, f) and in 
some animal cells the protoplasm is more or less exten- 
sively vacuolated, but in the young growing jiarts as well 
as in the ordinary cells of animals the foregoing description 
holds good. It is quite possible that the reticular character 
of the cell may be merely the optical expression of an 
extensive but minute vacuolation, or may be due to the 
presence of innumerable minute granules developed in the 
protoplasm as prodticts of metabolism. 

The nucleus is usually .spherical in form : it is enclosed 
in a delicate nuclear membrant (n.nt) and contains, as in 
Amceba (p. 7) two constituents, the nuclear matrix and the 
chromatin which exhibit far more striking differences than 
ithe two constituents of the cell-body. The nuclear matrix 

a homogeneous semi-fluid substance which forms the 
ground-work of the nucleus : it resembles the clear cell- 
protoplasm in its general characters, amongst other things 
in being unaffected by dyes. The chromatin {chr) takes the 
form of a network or sponge-work of very variable form, 
and is distinguished from all other constituents of the cell 
by its strong affinity for aniline and other dyes. Frequently 
one or more minute globular structures, the nucleoli (b, nu'), 
occur in the nucleus either connected with the network or 
lying freely in its meshes : they also have a strong affinity 
for dyes although they often differ considerably from the 
chTomatin in their micro -chemical reactions. 
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Fig. io. — Diagrams iliusiraling the process or indirecl cell division 

A, The resting cell : the nucleus shows a nnclear membrane (iiu.m), 
chromatin (i/"-) arranged in loops united into a'network (the latter 
shown on ihe right side only], and two nucleoli (tiu') : near the nucleus 
is a directive sphere (i), containing a eentrosome (r) and surroundeii by 
radiating protupl^inic tilaments. 

B, The chromatin has resolved itself into distinct loops or chromo- 
somes {(Ar) which tiave divided longitudinally : the nuclear membrane 
has begun to disappear : there are two directive spheres and between 
them is seen the comineneemenl of the nuclear spindle {sfi). 

c, The nnclear membrane has disappeared : the chromosomes are 
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arranged irregularly : the spindle has increased in size and is situated 
definitely within the nuclear area. 

D, The chromosomes are arranged round the equator of the fully 
formed nuclear spindle. 

E, The daughter-loops of the chromosomes are passing in opposite 
directions towards the poles of the spindle, each having a spindle-fibre 
attached to it. 

F, Later stage of the same process. 

G, The chromosomes are now arranged in two distinct groups one at 
each pole of the s»pindle. 

H, The daughter- cells are partly separated by constriction and the 
chromosomes of each group are uniting to form the network of the 
daughter-nucleus. 

I, Shows the division of a plant cell by the formation of a cell-plate 
{c.pt) : the daughter nuclei are fully formed. 

(Altered from Flemming, Rabl, &c. ) 



In the body of some cells and possibly of all there is 
found a globular body, surrounded by a radiating arrange- 
ment of the protoplasm and called the directive sphere {s) : 
it lies close to the nucleus, and contains a minute granule 
known as the central particle or centrosome {c). In many 
plant cells two directive spheres have been found in each 
cell (b, s). 

The precise changes which take place during the fission 
of a cell are, like the structure of the cell itself, subject 
to considerable variation. We will consider what may 
probably be taken as a typical case (Fig. 10). 

First of all, the directive sphere divides (b, s) and the 
products of its division gradually separate from one another 
(r), ultimately passing to opposite poles of the nucleus (d). 
At the same time the network of chromatin divides into a 
number of separate filaments called chromosomes (b, r//r), the 
number of which appears to be constant in any given 
species of animal or plant, although it may vary in different 
species from two to twenty-four. Soon after this the nuclear 
membrane and the free nucleoli disappear (b, c) and the 
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nucleus is seen to contain a spindle-shaped body (s/>) formed 
of excessively delicate fibres which converge at each pole 
to the corresponding directive sphere. The precise origin 
of this nuclear spindle is uncertain : it may arise either 
from the nuclear matrix or, more probably, from the 
protoplasm of the cell : it is not affected by colouring 
matters. 

At the same time each chromosome splits, sometimes 
transversely, but usually along its whole length so as to 
form two parallel rods or loops in close contact with one 
another (b) : in this way the number of chromosomes is 
doubled, each one being now represented by a pair. 

The divided chromosomes now pass to the equator of the 
spindle (d) and assume the form either of V- shaped loops, 
or of short rods, which arrange themselves in a radiating 
manner so as to present a star-like figure when the cell is 
viewed in the direction of the long axis of the spindle. 
Everything is now ready for division to which all the fore- 
going processes are preparatory. 

The two chromosomes of each pair now gradually pass 
to opposite poles of the spindle (e, f), two distinct groups 
being thus produced (g) and each chromosome of each 
group being the twin of one in the other group. Probably 
the fibres of the spindle are the active agents in this 
process, the chromosomes being dragged in opposite 
directions by their contraction. 

After reaching the poles of the spindle the chromosomes 
of each group unite with one another to form a network (h) 
around which a nuclear membrane finally makes its appear- 
ance (i). In this way two nuclei are produced within a 
single cell, the chromosomes of the daughter-nuclei, as well 
as their attendant directive spheres, being formed by the 
binary fission of those of the viother-nucleus. 
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But pan passu with this process of nuclear division, 
fission of the cell-body is also going on. This may take 
place by a simple process of constriction (h) — in much the 
same way as a lump of clay or dough would divide if a loop 
of string were tied round its middle and then tightened — or 
by the formation of what is known as a cell-plate. This 
arises as a row of granules formed from the equatorial part 
of the nuclear spindle (i) : the granules extend until they 
form a complete equatorial plate dividing the cell-body into 
two halves : fission then takes place by the cell-plate split- 
ting 'into two along a plane parallel with its flat surfaces.^ 
In plants the cell-plate gives rise to a partition wall of 
cellulose which divides the two daughter-cells from one 
another. 

In some cases the dividing nucleus instead of going 
through the complicated processes just described divides 
by simple constriction. We have therefore to distinguish 
between direct and indirect nuclear division. To the latter 
very elaborate method the name karyokinesis is often 
applied. 

In this connection the reader will not fail to note the 
extreme complexity of structure revealed in cells and their 
nuclei by the highest powers of the microscope. When the 
constituent cells of the higher animals and plants were 
discovered, during the early years of the present century, by 
Schleiden and Schwann, they were looked upon as the ultima 
Thule of microscopic analysis. Now the demonstration of 
the cells themselves is an easy matter, the problem is to 
make out their ultimate constitution. What would be the 

^ It must not be forgotten that the cells which are necessarily repre- 
sented in such diagrams as Fig. 10 as planes are really solid bodies, 
and that consequently the cell-plate represented in the figures as a line 
is actually a plane at right angles to the plane of the paper. 

V i 



68 COMPLEXITY OF CELL STRUCTURE less. 

result if we could get microscopes as superior to those of 
to-day as those of to-day are to the primitive instruments of 
eighty or ninety years ago, it is impossible even to conjecture. 
But of one thing we may feel confident — of the enormous 
strides which our knowledge of the constitution of living 
things is destined to make during the next half century. 

The striking general resemblance between the cells of the 
higher animals and plants and entire unicellular organisms 
has been commented on as a very remarkable fact : there is 
another equally significant circumstance to which we must 
now advert. 

All the higher animals begin life as an egg, which is either 
passed out of the body of the parent as such, as in most 
fishes, frogs, birds, &c., or undergoes the first stages of its 
development within the body of the parent, as in sharks, 
some reptiles, and nearly all mammals. 

The structure of the egg is, in essential respects, the same 
in all animals from the highest to the lowest. In a jelly-fish, 
for instance, it consists (Fig. ii, a) of a globular mass of 
protoplasm (gd), in which are deposited granules of a pro- 
teinaceous substance known as yolk-spherules. Within the 
protoplasm is a large clear nucleus (^.7\), the chromatin of 
which is aggregated into a central mass or nucleolus (^.w.)- 
An investing membrane may or may not be present. In 
other words the egg is a cell : it is convenient, for reasons 
which will appear immediately, to speak of it as the ovum 
or egg-cell. 

The young or immature ova ot all animals present this 
structure, but in many cases certain modifications are under- 
gone before the egg is mature, i.e., capable of development 
into a new individual. For instance, the protoplasm may 
throw out pseudopods, the egg becoming amoeboid (see 
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Fig. 53) ; or the surface of the protoplasm may secrete a thick 
cell-wall (see Fig. 61). The most extraordinary modification 
takes place in some Vertebrata, such as birds. In a hen's 
egg> for instance, the yolk-spherules increase immensely, 
swelling out the microscopic ovum until it becomes what we 
know as the " yolk " of the egg : around this layers of 
albumen or " white " are deposited, and finally the shell 
membrane and the shell. Hence we have to distinguish 
carefully in eggs of this character between the entire "egg '' 
in the ordinary acceptation of the term, and the ovum or 
egg-cell. 

But complexities of this sort do not alter the fundamental 




Fig. II. — A, ovum of an animal {Car marina /lasfaia, one of the 
jelly fishes), showing protoplasm {gd)y nucleus {i^'), and nucleolus (^w). 

B, ovum of a plant {Gymnadenia conopsca^ one of the orchids), 
showing protoplasm {plsifi)y nucleus (////), and nucleolus {iiu). 

(a, from Balfour after llaeckel : «, after Marshall Ward.) 



fact that all the higher animals begin life as a single cell, or 
in other words that multicellular animals, however large and 
complex they may be in their adult condition, originate as 
unicellular bodies of microscopic size. 

The same is the case with ctll the higher plants. The 
pistil or seed-vessel of an ordinary flower contains one or 
more little ovoidal bodies, the so-called " ovules " (more 
accurately megasporangia (see Lesson XXX., and Fig. 89), 
which, when the flower withers, develop into the seeds. A 
section of an ovule shows it to contain a large cavity, the 



^o THE PLANT OVUM less, vi 

embryo-sac or megaspore (see Fig. 89, d), at one end of 
which is a microscopic cell {av, and Fig. 1 2 b), consisting as 
usual of protoplasm {plsm), nucleus (//«), and nucleolus 
(«//). This is the ovum or egg-cell of the plant : from it 
the new plant, which springs from the germinating seed, 
arises. Thus the higher plants, like the higher animals, are, 
in their earliest stage of existence, microscopic and 
unicellular. 



LESSON VII 



SACCHAROMYCES 



Every one is familiar with the appearance of the ordinary 
brewer's yeast — the light-brown, muddy, frothing substance 
which is formed on the surface of the fermenting vats in 
breweries and is used in the manufacture of bread to make 
the dough " rise." 

Examined under the microscope yeast is seen to consist 
of a fluid in which are suspended immense numbers of 
minute particles, the presence of which produces the mud- 
diness of the yeast. Each of these bodies is a unicellular 
organism, the yeast-plant^ or in botanical language Sac- 
charofnyces cerevisice. 

Saccharomyces consists of a globular or ellipsoidal mass 
of protoplasm (Fig. 12), about yj^ mm. in diameter, and 
surrounded with a delicate cell- wall of cellulose (c, c.7u,). 
In the protoplasm are one or more non-contractile vacuoles 
(vac) — mere spaces filled with fluid and varying according to 
the state of nutrition of the cell. Granules also occur in 
the protoplasm which are products of metabolism, some 
of them being of a proteid material, others fat globules. 
Under ordinary circumstances no nucleus is to be seen : 
but recently, by the employment of a special mode of 
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Staining, a small rounded nucleus has been shown to exist 
near the centre of the cell. 

The cell-wall is so thin that it is difficult to be sure of 
its presence unless very high powers are employed. It 
can however be easily demonstrated by staining yeast with 
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Fig. 1 2. — Saccharomyces ccrcvisiic. 

A, a group of cells under a moderately high power. The scale to 
the left applies to this figure only. 

B, several cells more highly magnified, showing various stages ot 
budding, vac^ the vacuole. 

c, a single cell with two buds {bd, bd') still more highly mag- 
nified : c.Wy cell -wall : vac^ vacuole. 

D, cells, crushed by pressure : c.iv^ the ruptured cell-walls : plsm, 
the squeezed out protoplasm. 

E, e', starved cells, showing large vacuoles and fat globules (/). 

F, f', formation of spores by fission of the protoplasm of a starved 
cell : in F the spores are still enclosed in the mother-cell -wall, in F 
they are free. 



,/ 



magenta, and then applying pressure to the cover-glass so as 
to crush the cells. Under this treatment the cell-walls are 
burst and appear as crumpled sacs, split in various ways and 
unstained by the magenta (d, c,7v)^ while the squeezed-out 
protoplasm is seen in the form of irregular masses {plsm) 
stained pink by the dye. 



VII GEMMATION 73 

The mode of multiplication of Saccharomyces is readily 
made out in actively fermenting yeast, and is seen to differ 
from anything we have met with hitherto. A small pimple- 
like elevation (c, bd) appears on the surface of a cell and 
gradually increases in size : examined under a high power 
this bud is found to consist of an offshoot of the protoplasm 
of the parent cell covered with a very thin layer of cellulose : 
it is formed by the protoplasm growing out into an offshoot 
— like a small pseudopod — which pushes the cell-wall before 
it. The bud increases in size (bd ) until it forms a little 
globular body touching the parent cell at one pole : then a 
process of fission takes place along the plane of junction, 
the protoplasm of the bud or daughter-cell becoming sepa- 
rated from that of the mother-cell and a cellulose partition 
being secreted between the two. Finally the bud becomes 
completely detached as a separate yeast-cell. 

It frequently happens that a Saccharomyces buds in 
several places and each of its daughter-cells buds again, 
before detachment of the buds takes place. In this way 
chains or groups of cells are produced (b), such cell- 
colonies consisting of two or more generations of cells, the 
central one standing in relation of parent, grandparent, or 
great-grandparent to the others. 

It must be observed that this process of budding or 
gemmation is after all only a modification of simple 
fission. In the latter the two daughter-cells are of equal size 
and are both smaller than the parent-cell, while in gemma- 
tion one — the mother-cell — is much larger than the other — 
the daughter-cell or bud — and is of the same size as, indeed is 
practically identical with, the original dividing-cell. Hence 
in budding, the parent form does not, as in simple fission, 
lose its individuality, becoming wholly merged in its twin 
offspring, but merely undergoes separation of a small portion 
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of its substance in the form of a bud, which by assimilation 
of nutriment gradually grows to the size of its parent, 
the latter thus retaining its individuality and continuing to 
produce fresh buds as long as it lives. 

Multiplication by budding goes on only while the Sac- 
charomyces is well supplied with food : if the supply of 
nutriment fails, a different mode of reproduction obtains. 
Yeast can be effectually starved by spreading out a thin 
layer of it on a slab of plaster-of-Paris kept moist under 
a bell-jar : under these circumstances the yeast is of course 
supplied with nothing but water. 

In a few days the yeast-cells thus circumstanced are found 
to have altered in appearance : large vacuoles appear in 
them (Fig. i 2,e,e') and numerous fat-globules (J) are formed. 
The protoplasm has been undergoing destructive meta- 
bolism, and, there being nothing to supply new material, has 
diminished in quantity, and at the same time been partly 
converted into fat. Both in plants and in animals it is found 
that fatty degeneration, or the conversion of protoplasm 
into fat by destructive metabolism, is a constant phenomenon 
of starvation. 

After a time the protoplasm collects tow^ards the centre oi 
the cell and divides simultaneously into four masses arranged 
like a pyramid of four billiard balls, three at the base and 
one above (f). Each of these surrounds itself with a thick 
cellulose coat and becomes a spore, the four spores being 
sooner or later liberated by the rupture of the mother-cell 
wall (f'). 

The spores being protected by their thick cell-walls are 
able to withstand starvation and drought for a long time ; 
when placed under favourable circumstances they develop 
into the ordinary form of Saccharomyces. So that repro- 
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duction by multiple fission appears to be, in the yeast- plant, 
a last effort of the organism to withstand extinction. 

The physiology of nutrition of Saccharomyces has been 
studied with great care by several men of science and 
notably by Pasteur, and is in consequence better know than 
that of any other low organism. For this reason it will be 
advisable to consider it somewhat in detail. 

The first process in the manufacture of beer is the pre- 
paration of a solution of malt called " sweet-wort." Malt 
is barley which has been allowed to germinate or sprout, i.e.^ 
the young plant is allowed to grow to a certain extent from 
the seed. During germination the starch which forms so 
large a portion of the grain of barley is partly converted into 
sugar : barley also contains soluble proteids and mineral 
salts, so that when malt is infused in hot water the sweet- 
wort formed may be looked upon as a solution of sugar, 
proteid, and salts. 

Into this wort a quantity of yeast is placed. Very soon 
the liquid begins to froth, the quantity of yeast increasing 
enormously : this means of course that the yeast-cclls are 
budding actively, as can be readily made out by microscopic 
examination. If while the frothing is going on a lighted 
candle is lowered into the vat the flame will be immediately 
extinguished : if an animal were placed in the same position 
it would be suffocated. 

Chemical examination shows that the extinction of the 
candle's flame or of the animal's life is caused by a rapid 
evolution of carbon dioxide from the fermenting wort, the 
frothing being due to the escape of the gas from the liquid. 

After a time the evolution of gas ceases, and the liquid 
is then found to be no longer sweet but to have acquired 
what we know as an alcoholic or spirituous flavour. Analysis 
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shows that the sugar has nearly or quite disappeared, while 
a new substance, alcohol^ has made its appearance. The 
sweet-wort has, in fact, been converted into beer. 

Expressed in the form of a chemical equation what has 
happened is this v — 

C,H,A = 2(C.,H,.0) + 2(C0,) 

Grape sugar. Alcohol. Carbon dioxide. 

One molecule of sugar has, by the action of yeast, been 
split up into two molecules of alcohol which remain in the 
fluid, and two of carbon dioxide which are given off as gas. 
This is the process known as alcoholic fermentation. 

It has been shown by accurate analysis that only about 95 
per cent, of the sugar is thus converted into alcohol and 
carbom dioxide : 4 per cent, is decomposed, with the for- 
mation of glycerine, succinic acid, and carbon dioxide, and 
i*))er cent, is used as nutriment by the yeast cells. 

For the accurate study of fermentation the sweet-wort of 
the brewer is unsuitable, being a fluid of complex and un- 
certain composition, and the nature of the process, as well 
as the part played in it by Saccharomyces, becomes much 
clearer if we substitute the artificial wort invented by 
M. Pasteur, and called after him Pasteur's solution. It 
is made of the following ingredients : — 

Water, HgO 8376 per cent. 

Cane sugar, C12H22O11 15*00 n n 

Ammoniiun tartrate (NH4)2C4H^O^., . I'oo 
Potassium phosphate, K.JPO4. . . . 0*20 
Calcium phosphate, Ca3(P04)2 . . . 0*02 
Magnesium sulphate, MgSO^ . . . 0*02 
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The composition of this fluid i 

fork, but is the result of careful t 

I mined by the following consideratio 

It is obvious that if we are to study alcoholic fermentation 
ugar must be present,^ since the essence of the process is 
the formation of alcohol from sugar. 

. nitrogen in some form as well as carbon, oxygen, 
and hydrogen must be present, since these four elements 
r into the composition of pi-otoplasm, and all but the 
first-named (nitrogen) into that of cellulose, and they are 
' thus required in order that the yeast should live'' and 
I .multiply. The form in which nitrogen can best be assimi- 
I lated was found out by experiment. We saw that in the 
I manufacture of beer the yeast cells obtain their nitrogen- 
l.largely in the form of soluble proteids : green plants obtain 
■theirs largely in the simple form of nitrates. It wife foimd 
■;that while proteids are, so to say, an unnecessarily cflftiplex 
I food for Saccharomyces, nitrates are not complex enough, 
Lund an ammonia compound is necessary, ammonium tartrate 
■%eing the most suitable. Thus while Saccharomyces can 
i up the molecule of protoplasm from less complex food- 
's than are required by Amceba, it cannot make use of 
h com])aratively simple compounds as suffice for Hama- 
s : moreover it appears to be indifferent whether its 
nitrogen is supplied to it in the form of ammonium tartrate 
a the higher form of proteids. 
Then as to the remaining ingredients of the fluid— 
' potassium and calcium phosphate and magnesium sulphate. 
If a quantity of yeast is burnt, precisely the same thing 
I happens as when one of the higher animals or plants is 
I subjected to the same process. It first chars by the hbera- 
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tion of carbon, then as the heat is continued the carbon 
is completely consumed, going off by combination with the 
oxygen of the air in the form of carbon dioxide ; at the 
same time the nitrogen is given off mostly as nitrogen gas, 
the hydrogen by union with atmospheric oxygen as water- 
vapour, and the sulphur as sulphurous acid or sulphur 
dioxide (SOo). Finally, nothing is left but a small quantity 
of white ash which is found by analysis to contain phos- 
phoric acid, potash, lime, and magnesia ; /.^., precisely the 
ingredients of the three mineral constituents of Pasteur's solu- 
tion with the exception of sulphur, which, as already stated, 
is given off during the process of burning as sulphur dioxide. 

Thus the principle of construction of an artificial nutrient 
solution such as Pasteur's is that it should contain all the 
elements existing in the organism it is designed to support ; 
or in other words, the substances by the combination of 
which the waste of the organism due to destructive meta- 
bolism may be made good. 

That Pasteur's solution exactly fulfils these requirements 
may be proved by omitting one or other of the constituents 
from it, and finding out how the omission affects the well- 
being of Saccharomyces. 

If the sugar is left out the yeast-cells grow and multiply, 
but with great slowness. This shows that sugar is not 
necessary to the life of the organism, but only to that active 
condition which accompanies fermentation. A glance at 
the composition of Pasteur's solution will show that all the 
necessary elements are supplied without sugar. 

Omission of ammonium tartrate is fatal : without it the 
cells neither grow nor multiply. This, of course, is just 
what one would expect since, apart from ammonium tartrate, 
the fluid contains no nitrogen without which the molecules of 
protoplasm cannot be built up. 
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s somewhat curious to find that potassium and calcium 

Bj)hosphates are equally necessary ; although occurring in 

r such minute quantities they are absolutely essential to the' 

well-beingof the yeast-cells, and without them the organism, 

I although supplied with abundance of sugar and ammonium 

^tartrate, will not live. This may be taken as proving that 

iJihosphorus, calcium, and magnesium form an integral part 

Sof the protoplasm of Saccharomyces, although existing in 

Almost infinitesimal proportions. 

Lastly, magnesium sulphate must not be omitted if the 
C organism is to flourish ; unlike the other two mineral 
x)nstituents it is not absolutely essential to life, but without 
'tt the vital processes are sluggish. 

Thus by growing yeast in a fluid of known composition 
: can be ascertained exactly what elements and combina- 
lUons of elements are necessary to life, what advantageous 
ffiough not absolutely essential, and what unnecessarj'. 

The precise effect of the growth and multiplication of 

fceast upon a saccharine fluid, or in other words the nature 

tf alcoholic fermentation, can be readily ascertained by a 

limple experiment with Pasteur's solution. A quantity of 

solution with a little yeast is placed in a flask the neck 

f which is fitted with a bent tube leading into a vessel of 

me-water or solution of calcium oxide. When the usual 

disengagement of carbon dioxide (see p. 75) takes place the 

; through the tube into the lime-water and causes 

1 immediate precipitation of calcium carbonate as a white 

towder which effervesces with acids. This proves the gas 

■volved during fermentation to be carbon dioxide since no 

Kher converts lime into carbonate. When fermentation is 

^complete the presence of alcohol may be proved by distil- 

riation : a colourless, mobile, pungent, and inflammable 

iquid being obtained. 
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By experimenting with several flasks of this kind it can 
be proved that fermentation goes on as well in darkness as 
in light, and that it is quite independent of free oxygen. 
Indeed the process does not go on if free oxygen — /.^., 
oxygen in the form of dissolved gas — is present in the fluid ; 
from which it would seem that Saccharomyces must be able 
to obtain the oxygen, which like all other organisms it 
requires for its metabolic processes, from the food supplied 
to it. 

The process of fermentation goes on most actively, 
between 28° and 34°C : at low temperatures it is com- 
paratively slow, and at 38°C. multiplication ceases. 

If a small portion of yeast is boiled so as to kill the 
cells, and then added to a flask of Pasteur's solution, no 
fermentation takes place, from which it is proved that the de- 
composition of sugar is effected by the living yeast-cells only. 
There seems to be no doubt that the property of exciting 
alcoholic fermentation is a function of the living protoplasm 
of Saccharomyces. The yeast-plant is therefore known as 
an organized ferment : when growing in a saccharine solu- 
tion it not only performs the ordinary metabolic processes 
necessary for its own existence, but induces decomposition 
of the sugar present, this decomposition being unaccom- 
panied by any corresponding change in the yeast- plant 
itself. 

It is necessary to mention in this connection that there is 
an important group of not-living bodies which produce 
striking chemical changes in various substances with- 
out themselves undergoing any change : these are distin- 
guished as unorganized ferments. A well-known example is 
pepsi7i^ w^hich is found in the gastric juice of the higher 
animals, and has the function of converting proteids into 
peptones (see p. 12) : its presence has been proved in 
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the Mycetozoa (p. 52), and probably it or some similar pep- 
tonizing or proteolytic ferment effects this change in all 
organisms which have the power of digesting proteids. 
Another instance is furnished by diastase^ which effects the 
conversion of starch into grape sugar : it is present in ger- 
minating barley (see p. 73), and an infinitesimal quantity 
of it can convert immense quantities of starch. The ptyalifi 
of our own saliva has a like action, and probably some 
similar diastatic or amylolytic ferment is present in the 
Mycetozoa which, as we saw (p. 52), are able to digest 
cooked starch. 
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BACTERIA 



It is a matter of common observation that if certain moist 
organic substances, such as meat, soup, milk, &c., are allowed 
to stand at a moderate temperature for a few days — more or 
fewer according as the weather is hot or cold — they " go 
bad " or putrefy ; i.e, they acquire an offensive smell, a taste 
which few are willing to ascertain by direct experiment, and 
often a greatly altered appearance. 

One of the most convenient substances for studying the 
phenomena of putrefaction is an infusion of hay, made by 
pouring hot water on a handful of hay and straining the 
resultant brown fluid through blotting paper. Pasteur's 
solution may also be used, or mutton-broth well boiled 
and filtered, or indeed almost any vegetable or animal 
infusion. 

If some such fluid is placed in a glass vessel, covered with 
a sheet of glass or paper to prevent the access of dust, 'the 
naked-eye appearances of putrefaction will be found to 
manifest themselves with great regularity. The fluid, at first 
quite clear and limpid, becomes gradually dull and turbid. 
The opacity increases and a scum forms on the surface : 
at the same time the odour of putrefaction arises, and 
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especially in the case of animal infusions, quickly becomes 
Bvery strong and disagreeable. 

The scum after attaining a percejitible thickness breaks up 
md falls to the bottom, and after this the fluid slowly clears 
■jtgain, becoming once more quite transparent and losing its 
lad smell. If ex]Msed to the light patches of green appear 
I it sooner or later, due to the presence of microscopic 
ms containing chlo'rophyil. The fluid has acquired, 
n fact, the characteristics of an ordinary stagnant pond, and 
s quite incapable of further putrefaction. The whole series 
if changes may occupy many months. 
Microscopic examination shows that the freshly-prepared 
Huid is free from organisms, and indeed, if properly filtered, 






(From Klein.) 

torn particles of any sort. Hut the case is vtry different 
^hen a drop of infusion in which turbidity has set in is 
laced under a high power. The fluid is then seen to he 
crowded with incalculable millions of minute specks, only 
pst visible under a power of 300 or 400 diameters, and all 
I active movement. These specks are Bacteria, or as 
^ey are sometimes called, microbes or micro-organisms ; 
they belong to the particular genus and species called 
bacterium termo. 

Seen under the high power 01 an ordinary student's 
jiicroscope Bacterium termo has the appearance shown in 
A : it is like a minute finger-biscuit, i.e. has the form 

G 1 
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of a rod constricted in the middle. But it is only by using 
the very highest powers of the microscope that its precise 
form and structure can be satisfactorily made out. It is then 
seen (Fig. 14) to consist of a little double spindle, showing 
neither nucleus, vacuole, nor other internal structure. It 
stains very deeply with aniline dyes, and from this and other 
circumstances there is reason for thinking that the whole 
cell consists of chromatin covered with a membrane of 
extreme tenuity formed of cellulose. It may therefore be 
considered as a cell consisting of cell-wall and nucleus only, 
the cell-body being absent. At each end is attached a 
flagellum about as long as the cell itself. 

Bacterium termo is much smaller than any organism we 
have yet considered, so small in fact that, as it is always 

tJo mm. 



Fig. 14. — Bacterium termo ( x 4000), showing the terminal flagella. 
(After Dallinger.) 

easier to deal with whole numbers than with fractions, its 
size is best expressed by taking as a standard the. one- 
thousandth of a millimetre, called a micromillbnetre and 
expressed by the symbol /x.. The entire length of the 
organism under consideration is from i '5 to 2 /x,, i.e. about 
the -5^^^ mm. or the yjrJiriF ir^ch. In other words, its entire 
length is not more than one-fourth the diameter of a yeast- 
cell or of a human blood-corpuscle. The diameter of the 
flagellum has been estimated by Dallinger to be about \ ^ 
or 7T7yjV(r?F inch, a smallness of which it is as difficult to form 
any clear conception as of the distances of the fixed stars. 

Some slight notion of these almost infinitely small dimen- 
sions may, however, be obtained in the following way. Fig. 
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14 shows a Bacterium termo magnified 4000 diameters, the 
scale above the figure representing yj^ mm. magnified to the 
same amount. The height of this book is a Httle over 18 cm. ; 
this multipHed by 4,000 gives 72,000 cm. = 720 metres = 2362 
feet. We therefore get the proportion — as 2362 feet, or 
nearly six times the height of St. Paurs, is to the height of 
the present volume, so the length of Fig. 14 is to that of 
Bacterium termo. 

It was mentioned above that at a certain stage of putre- 
faction a scum forms on the surface of the fluid. This film 
consists of innumerable motionless Bacteria imbedded 
in a transparent gelatinous substance formed of a proteid 
material (Fig. 13, b). After continuing in the active con- 
dition for a time the Bacteria rise to the surface, lose their 
flagella, and throw out this gelatinous substance in which 
they lie imbedded. The bacterial jelly thus formed is called 
a zooglcea. Thus in Bacterium termo, as in so many of the 
organisms we have studied, there is an alternation of an 
active with a resting condition. 

During the earlier stages of putrefaction Bacterium termo 
is usually the only organism found in the fluid, but later on 
other microbes make their appearance. Of these the com- 
monest are distinguished by the generic names Micrococcus, 
Bacillus, Vibrio, and Spirillum, 

Micrococcus (Fig. 15) is a minute form, the cells of which 
are about 2/x (-5^^ mm.) in diameter. It differs from 
Bacterium in being globular instead of spindle-shaped and 
in having no motile phase. Like Bacterium it assumes the 
zooglaea condition (Fig. 15, 4). 

Bacillus is commonly found in putrescent infusions in 
which the process of decay has gone on for some days : as 
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its numbers increase those of Bacterium termo diminish, 
until Bacillus becomes the dominant form. Its cells (Fig. 
1 6) are rod-shaped and about 6/x (yl^ mm.) in length in the 
commonest species. Both motionless and active forms are 
found, the latter having a flagellum at each end. The 
zooglaea condition ?s often assumed, and the rods are fre- 
quently found united end to end so as to form filaments. 

Vib7'io resembles Bacillus, but the rod-like cells (Fig. 17, a) 
are wavy instead of straight. They are actively motile and 
when highly magnified are found to be provided with a 
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KiG. 15. — Micrococcus, i, single and double (dumb-bell shaped) 
forms : 2 and 3, chain-forms : 4, a zoogla*a. 

flagellum at each end. Vibriones vary from 8/a to 25/x, in 
length. 

Spirillum is at once distinguished by its spiral form, the 
cells resembling minute corkscrews (Fig. 17, b & c) and 
being provided with a flagellum at each end (c). The 
smaller species, such as S. tenue (b) arc from 2 to 5 /x, in 
length, but the larger forms, such as S. volutans (c) attain a 
length of from 25 to 30/A. In swimming Spirillum appears 
on a superficial examination to undulate like a worm or a 
serpent, but this is an optical illusion : the spiral is really a 
permanent one, but during progression it rotates upon its 
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long axis, like Hgematococcus (p. 25), and this double move- 
ment produces the appearance of undulation. 

Most Bacteria are colourless, but three species (JBacterium 
viride^ B. chlorinum, and Bacillus virens) contain chlorophyll, 
and several others form pigments of varying tints and often 
of great intensity. For instance, there are red, yellow, 
brown, blue, and violet species of Micrococcus which grow 




Fig. 16. — Bacillus subtilis, showing various staj;o« between single 
orms and long filaments {Lef>tof/irix). 

on slices of boiled potato, hard-boiled Qgg, &c., forming 
brilliantly coloured patches ; and the yellow colour often 
assumed by milk after it has been allowed to stand for a 
considerable time is due to the presence of Bacterium 
xanthinum. 

All Bacteria multiply by simple transverse fission, the 
process taking place sometimes during the motile, sometimes 
during the resting condition. Frequently the daughter-cells 
do not separate completely from one another but remain 




loosely attached, forming chains. These are v 
in some species of micrococcus (see Fig. 15). 

Bacillus when imdergoing iission beha^-es something like 
Heteroniita : tlie moiheT-cell divides transversely across the 
middle, and the two halves gradually wriggle away from one 
another, hut remain connected for a time by a very fine thread 




of protoplasm which extends between their adjacent ends. 
This is drawn out by the gradual sejiaration of the two cells 
until it attains twice the length of a flagellum when it snaps 
in the middle, thus providing each daughter-cell with a new 
flagellum. Bacillus may, however, divide while in the 
resting condition and, imder certain circumstances, the 
process is repeated again and again, and the daughter-cells 
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I remaining in contact form a long wavy or twisted filament 
called Leptoihrix (Fig. 16) the separate elemenCs of which 
I tire usually only visible after staining. 

Bacillus also multiplies by a jieculiar process ot spore- 

[ I formation which may take place either in the ordinary resting 

form or in a Icptothrix filament. A bright dot appears at 

one place in the protoplasm {Fig. 18) : this increases in size, 

the greater part of the [irotoijlasm being used up in its 

formation, and finally takes on the form of a clear ova! 

spore which remains for some time enclosed in the cell-wall 

of the Bacillus, by thenipture of which it is finally liberated. 

Spores of this kind arc termed endosporei. In other Bacteria 

I spores are formed directly from the ordinary cells, which 

become thick walled (artUrospores). The spores differ from 

I the Bacilli in being unstained by aniline dyes. 

After a period of rest the spores, imder favourable cir- 
1 cumst.mces, germinate by growing out at one end so as to 
become rod-like, and thins finally ai^suming the form of 
ordinary Bacilli. 

There are other genera often included among Bacteria for 

I the description of which the student is referred to the more 

I special treatises.' One remark must, however, he made in 

\ concluding the presenl brief account of the morphology of 

r the group. There is a great deal of evidence to show that 

I what have been spoken of as genera (Bacterium, Bacillus, 

' Spirillum, itc.) may merge into one another and are therefore 

to be looked upon as phases in the life-history of various 

microbes rather than as true and distinct genera. But this 

is a point which cannot at present be considered as settled. 

The conditions of life of Bacteria ave very various. Some 

live in water, such as that of stagnant ponds, and of these 

' See Es|iecially De Bary, Fungi, MyretOi,oii, !t>id Bacteria (Oxford, 
1887), and Kleiii, Miao-orsaiiisnis mid Disease (London, |3S6). 
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three species, as already stated (p. 85), contain chlorophyll. 
The nutrition of such forms must obviously be holophytic, 
and in the case of Bacterium chlorinum the giving off of 
oxygen in sunlight lias actually been proved. 

Hut this mode of nutrition is rare amonj; the Bacteria ; 
nearly all of those to which reference has been made arc 




saprophytes, that is, live upon decomposing animal and 
vegetable matters. They are, in fact, nourished in precisely 
the same way as Heteromita {see p. 37). Many of these 
forms such as Bacterium termo, and species of Bacillus, 
Vibrio, &c., ivill, however, flourish in Pasteur's solution, in 
which they obtain their nitrogen in the form of ammonium 
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tartrate instead of decomposing proteid. It has also been 
shown that some Bacteria can go further and make use of 
nitrates as a source of nitrogen, and of a carbonate or even 
of carbon dioxide as a source of carbon : in other words, 
they are able to live upon purely inorganic matter in spite 
of the fact that they contain no chlorophyll. Some species 
may even multiply to a considerable extent in distilled water. 

But pari passu with their ordinary nutritive processes, 
many Bacteria exert an action on the fluids on which 
they live comparable to that exerted on a saccharine 
solution by the yeast-plant. Such microbes are, in fact, 
organized ferments. 

Every one is familiar with the turning sour of milk. This 
change is due to the conversion of the milk-sugar into 
lactic acid. 

QHi2^6 = ^(C^HgOa), 
Sugar. Lactic Acid. 

The transformation is brought about by the agency of 
Bacterium lactis^ a microbe closely resembling B, termo. 

Beer and wine are two other fluids which frequently turn 
sour, there being in this case a conversion of alcohol into 
acetic acid, represented by the equation — 

C\,H,.,0 + O., = HoO + CoH.Oo, 

•M v' ^ art «rf Y ^ 

Alcohol. Oxygen. Water. Acetic Acid. 

The ferment in this instance is Bacterium aceti, often 
called Mycoderma aceti, or the " vinegar plant." It will 
be noticed that in this case oxygen enters into the reaction : 
it is a case of fermentation by oxidation. 

Putrefaction itself is another instancie or fermentation 
induced by a microbe. Bacterium termo — the putrefactive 
ferment — causes the decomposition of proteids into simpler 
compounds, amongst which are such gases as ammonia 
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(NHo), sulphuretted hydrogen (HoS), and ammonium 
sulphide ( (NH4)oS), the evolution of which produces the 
characteristic odour of putrefaction. 

The final stage in putrefaction is the formation of nitrates 
and nitrites. The process is a double one, both stages 
being due to special forms of Bacteria. In the first place, 
by the agency of the nitrous ferment, ammonia is converted 
into nitrous acid — 

NH3 + 30 = H^O + HNO2 

Ammonia. Oxygen. Water. Nitrous Acid. 

The nitric ferment then comes into action, converting the 
nitrous into nitric acid — 

NHO.2 + O = HNO3 

Nitrous Acid. Oxygen. Nitric Acid. 

This process is one of vast importance, since by its agency 
the soil is constantly receiving fresh supplies of nitric acid 
which is one of the most important substances used as 
food by plants. 

Besides holophytes and saprophytes there are included 
among Bacteria many parasites, that is, species which feed 
not on decomposing but on living organisms. Many of the 
most deadly infectious diseases, such as tuberculosis, diph- 
theria, typhoid fever, and cholera, are due to the presence 
in the tissues or fluids of the body of particular species of 
microbes, which feed upon the parts affected and give rise 
to the morbid symptoms characteristic of the disease. 

Some Bacteria, like the majority of the organisms pre- 
viously studied, require free oxygen for their existence, but 
others, like Saccharomyces during active fermentation (see 
p. 78), are quite independent of free oxygen and must there- 
fore be able to take the oxygen, without which their metabolic 
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processes could not go on, from some of the compounds 
contained in the fluid in which they live. Bacteria are for 
this reason divided into aerobic species which require free 
oxygen, and anaerobic species which do not. 

As to temperature, common observation tells us that 
Bacteria flourish only within certain limits. We know for 
instance that organic substances can be preserved from 
putrefaction by being kept either at the freezing-point, or at 
or near the boiling-point. One important branch of modern 
industry, the trade in frozen meat, depends upon the fact that 
the putrefactive Bacteria, like other organisms, are rendered 
inactive by freezing, and every housekeeper knows how easily 
putrefaction can be staved ofl'by roasting or boiling. Simi- 
arly it is a matter of common observation that a moderately 
igh temperature is advantageous to these organisms, the 
heat of summer or of the tropics being notoriously favourable 
to putrefaction. In the case of Bacterium termo, it has been 
found that the optimum temperature is from 30° to 35° C, 
but that the microbe will flourish between 5° and 40° C. 

Although fully-formed Bacteria, like other organisms, are 
usually killed by exposure to heat several degrees below 
boiling-point, yet the spores of some species will withstand, 
at any rate for a limited time, a much higher temperature — 
even one as high as 130° C. On the other hand, putrefactive 
Bacteria retain their power of development after being 
exposed to a temperature of -iii°C., although during the 
time of exposure all vital activity is of course suspended. 

Bacteria also resemble other organisms in being unable 
to carry on active life without a due supply of water : no 
perfectly dry substance ever putrefies. The preservation for 
ages of the dried bodies of animals in such countries as 
Egypt and Peru depends at least as much upon the moisture- 
less air as upon the antiseptics used in embalming. 
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For the most part Bacteria are unaffected by light, since 
they grow equally well in darkness and in ordinary daylight. 
Many of them, however, will not bear prolonged exposure to 
direct sunlight, and it has been found possible to arrest the 
putrefaction of an organic infusion by insolation^ or exposure 
to the direct action of the sun's rays. It has also been 
proved that it is the light-rays and not the heat-rays which 
are thus prejudicial to the life of micro-organisms. 



LESSON IX 
i 

BIOGENESIS AND ABIOGENESIS : HOMOGENESIS AND HETERO- 

GENESIS 

The study of the foregoing living things and especially oi 
Bacteria, the smallest and probably the simplest of all known 
organisms, naturally leads us to the consideration of one of 
the most important problems of biology — the problem of 
the origin of life. 

In all the higher organisms we know that each individual 
arises in some way or other from a pre-existing individual : 
no one doubts that every bird now living arose by a i:)rocess 
of development from an egg formed in the body of a 
parent bird, and that every tree now growing took its origin 
either from a seed or from a bud produced by a parent plant. 
But there have always — until quite recently, at any rate — 
been upholders of the view that the lower forms of life, 
bacteria, monads, and the like, may under certain circum- 
stances originate independently of pre-existing organisms : 
that, for instance, in a flask of hay-infusion or mutton-broth, 
boiled so as to kill any living things present in it, fresh 
forms of life may arise de novo, may in fact be created 
then and there. 

We have therefore two theories of the lower organisms. 
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the theory of Biogenesis^ according to which each living 
thing, however simple, arises by a natural process of bud- 
ding, fission, spore-formation, or what not, from a parent 
organism : and the theory of Abiogenesis, or as it is some- 
times called Spontaneous or Equivocal Generation^ accord- 
ing to which fully formed living organisms sometimes 
arise from not-living matter. 

In former times the occurrence of abiogenesis was uni- 
versally believed in. The expression that a piece of meat 
has " bred maggots " ; the opinion that parasites such as the 
gall-insects of plants or the tape-worms in the intestines of 
animals originate where they are found ; the belief still held 
in some rural districts in the occurrence of showers of frogs, 
or in the transformation of horse-hairs kept in water into 
eels ; all indicate a survival of this belief. 

Aristotle, one of the greatest men of science of antiquity, 
explicitly teaches abiogenesis. He states that some animals 
"spring from putrid matter," that certain insects "spring 
from the dew which falls upon plants," that thread-worms 
" originate in the mud of wells and running waters," that 
fleas "originate in very small portions of corrupted matter," 
and that " bugs proceed from the moisture which collectii 
on the bodies of animals, lice from the flesh of other 
creatures." 

Little more than 200 years ago one Alexander Ross, 
commenting on Sir Thomas Browne's doubt as to " whether 
mice may be bred by putrefaction," says, " so may he doubt 
whether in cheese and timber worms are generated ; or if 
beetles and wasps in cow's dung ; or if butterflies, locusts, 
grasshoppers, shell-fish, snails, eels, and such like, be pro- 
created of putrefied matter, which is apt to receive the form 
of that creature to which it is by formative power disposed. 
To question this is to question reason, sense, and experience. 
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If he doubts of this let him go to Egypt, and there he will 
find the fields swarming with mice, begot of the mud of 
Nylus, to the great calamity of the inhabitants." 

As accurate inquiries into these matters were made, the 
number of cases in which equivocal generation was sup- 
posed to occur was rapidly diminished. It was a simple 
matter^when once thought of — to prove, as Redi did in 
1638, that no maggots were ever " bred " in meat on which 
flies were prevented by wire screens from laying their eggs. 
Far more difficult was the task, also begun in the seventeenth 
century, of proving that parasites, such as tape-worms, arise 
from eggs taken in with the food ; but gradually this pro- 
position was firmly established, so that no one of any 
scientific culture continued to believe in the abiogenetic 
origin of the more highly organized animals any more than 
in showers of frogs, or in the origin of geese from 
barnacles. 

But a new phase of the question was opened with the in- 
vention of the microscope. In 16S3, Anthony van Leeuwen- 
hoek discovered Bacteria, and it was soon found that however 
carefiilly meat might be protected by screens, or infusions by 
being placed in well-corked or stoppered bottles, putrefaction 
always set in sooner or later, and was invariably accom- 
panied by the development of myriads of bacteria, monads, 
and other low organisms. It was not surjirising, considering 
the rapidity with which these were found to make their 
appearance, that many men of science imagined them to he 
produced abiogenetically. 

Let us consider exactly what this implies. Suppose we 
have a vessel of hay-infusion, and in it a single Bacterium. 
The microbe will absorb the nutrient fluid and convert it 
into fresh protoplasm : it will divide repeatedly, and, its 
progeny repeating the process, the vessel will soon con- 
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tain millions of Bacteria instead of one. This means, of 
course, that a certain amount of fresh living protoplasm has 
been formed out of the constituents of the hay -in fusion, 
through the agency in the first instance of a single living 
Bacterium. The question naturally arises— Why may not 
the formation of protoplasm take place independently of 
this insignificant speck of living matter ? 

It must not be thought that this question is in any way 
a vain or absurd one. That living protoplasm has at some 
period of the world's history originated from not-living 
matter seems a necessary corollary of the doctrine of 
evolution, and is obviously the very essence of the doctrine 
of special creation ; and there is no a priori reason why it 
should be impossible to imitate the unknown conditions 
under which this took place. At present, however, we have 
absolutely no data towards the solution of this fundamental 
problem. 

But however insoluble may be the question as to how Jife 
first dawned upon our planet, the origin of living things at 
the present day is capable of investigation in the ordinary 
way of observation and experiment. The problem may be 
stated as follows :— any putrescible infusion, — i.e. any fluid 
capable of putrefaction — will be found after a longer or 
shorter exposure to swarm with bacteria and monads ; do 
these organisms or the spores from which they first arise 
reach the infusion from without, or are they generated within 
it? And the general lines upon which an investigation 
into the problem must be conducted are simple : given a 
vessel of any putrescible infusion ; let this be subjected to 
some process which, without rendering it incapable of sup- 
porting life, shall kill any living things contained in it ; let 
it then be placed under such circumstances that no living 
particles, however small, can reach it from without, If, 
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after these two conditions have been rigorously complied 
with, living organisms appear in the fluid, such organisms 
must have originated abiogenetically. 

To kill any microbes containtd in thi: fluid it is usually 
quite sufficient to boil it thoroughly. As we have seen, 
protoplasm enters into heat-rigor at a temperature consider- 
ably below the boiling-point of water, so that, with an 
exception which will be referred to presently, a few minutes' 
boiling suffices to sterilize all ordinary infusions, i.e., to kill 
any organisms tJiey may contain. 

Then as to preventing the entrance of organisms or their 
spores from without. This may be done in various ways. 
One way is to take a flask with the neck drawn out into 
a very slender tube, to boil the fluid in it for a sufficient 
time, and then, while ebullition is going on, to close the 
end of the tube by melting the glass in the flame of a 
Bunsen-burner or spirit-lamp, thus hermetically sealing the 
Bask. 

By this method not only orgapisms and their spores are 
excluded from the flask but also air. But this is obviously 
unnecessary : it is evident that air may be admitted to the 
fluid with perfect impunity if only it can be filtered, that is, 
passed through some substance which shall retain all soUd 
particles however small, and therefore of course bacteria, 
monads, and their spores. 

A perfectly efficient filter for this purpose is furnished by 
cotton-wool. A flask or test-tube is partly filled with the 
infusion : the latter is boiled, and during ebuUition cotton- 
wool is pushed into the mouth of the vessel until a long and 
firm plug is formed (Fig 19). When the source of heat is 
removed, and, by the cooling of the fluid, the steam which 
filled the upper part of the tube condenses, air passes in to 
supply its place, but as it does so it is filtered of even tW 
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smallest solid particles by having to pass through the close 
meshes of the cotton-wool. 

Experiments of this sort conducted w-ith proper care have I 
been known for many years to give negative results in 
great majority of cases : the fluids remain perfectly sterile 1 
for any length of time. But in certain instances, in spite of 1 
the most careful precautions, bacteria were found to appear I 




in such fluids, and for years a fierce controversy raged 1 
between the biogenists and the abiogenists, the latter in J 
sisting that the experiments in question proved the occurrence^ 
of spontaneous generation, while the biogenists considered 
that all such cases were due to defective methods— either t<^ 
imperfect sterilization of the fluid or to imperfect exclusioid 
of germ-containing atmospheric dust. 

The matter was finally set at rest, and the biogenistaJ 
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proved to be in the right, by the important discovery that 
the spores of bacteria and monads are not killed by a tem- 
perature many degrees higher than is sufficient to destroy the 
adult forms : that in fact while the fully developed organisms 
are killed by a few minutes' exposure to a temperature of 
70° C. the spores are frequently able to survive several 
hours' boiling, and must be heated to 130° — 150° C. in 
order that their destruction may be assured. It was also 
shown that the more thoroughly the spores are dried the 
more ditBcult they are to kill, just as well-dried peas are 
hardly affected by an amount of boiling sufficient to reduce 
fresh ones to a pulp. 

This discovery of the high thermal death-point or ultra- 
temperature of the spores of these organisms has 
:d certain additional precautions in experiments 
with putrescible infusions. In the first place the flask and 
the cotton- wool should both be heated in an oven to a 
temperature of 150° C, and thus effectually sterilized. The 
flask being filled and plugged with cotton-wool is well boiled 
and then kept for some hours at a temperature of 32° — 38''C., 
the optimum temperature for bacteria. The object of this 
is to allow any spores which have not been killed by boiling 
to germinate, in other words to pass into the adult con- 
dition in which the temperature of boiling water is fatal. 
The infusion is then boiled again, so as to destroy any such 
freshly germinated forms it may contain. The same process 
is repeated once or twice, the final result being that the 
very driest and most indurated spores are induced to ger- 
minate, and are thereupon slain. It must not be forgotten 
that repeated boiling does not render the Huid incapable of 
supporting life, as may be seen by removing the cotton-wool 
plug, when it will in a short time swarm with microbes. 

Experiments conducted with these precautions all tell the 
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same tale : ihey prove conclusively that in properly sterilized 
putrescible infusions, adequately protected from the entrance 
of atmospheric germs, no micro-organisms ever make their 
appearance. So that the last argument for abiogencsis has 
been proved to be fallacious, and the doctrine of biogenesis 
shown, as conclusively as observation and experiment can 
show it, to be of universal application as far as existing 
conditions known to us are concerned. 

It is also necessary to add that the presence of microbes 
in considerable quantities in our atmosphere has been 
proved experimentally. By drawing air through tubes 
lined with a solid nutrient material Prof Percy Frankland 
showed that the air of South Kensington contained about 
thirty-five micro-organisms in every ten htres, and by ex- 
posing circular discs coated with the same substance he was 
further able to prove that in the same locality 279 micro- 
organisms fall upon one square foot of surface in one 
minute. 

There is another question intimately connected with that 
of Biogenesis, although strictly speaking quite independent 
of it. It is a matter of common observation that, in both 
animals and plants, like produces like ; that a cutting from 
a willow will never give rise to an oak, nor a snake emerge 
from a hen's egg. In other words, ordinary observation 
teaches the general truth of the doctrine of Homogenesis. 

But there has always been a residuum of belief in the 
opposite doctrine of Heterogenesis, according to which the 
offspring of a given animal or plant may be something 
utterly different from itself, a plant giving rise to an animal 
or vice versA, a lowly to a highly organized plant or animal 
and so on. Perhaps the most eWreme case in which hetero- 
genesis was once seriously believed to occur is that of 
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the "bamacle-geese." Buds of a particular tree growing 
near the sea were said to produce barnacles, and these 
falling into the water to develop into geese. This sounds 
absurd enough, but within the last twenty years two or three 
men of science have described, as the result of repeated 
observations, the occurrence of quite similar cases among 
microscopic organisms. For instance, the blood-corpuscles 
of the silkworm have been said to give rise to fungi, the 
protoplasm of the green weed Nitella (see Fig. 45) to 
Amceba and Infusoria (see p. 107), Euglen;e to thread- 
It is proverbially difficult to prove a negative, and it might 
not he easy to demonstrate, what all competent naturalists 
must be firmly convinced of, that every one of these sup- 
posed cases of heterogenesis is founded either upon errors 
of observation or upon faulty inductions from correct 
observations. 

Let us take a particular case by way of example. Many 
years ago Dr. Dallinger observed among a number of Vortt- 
celJae or bell-animalcules (Fig. 26) one which appeared to 
have become encysted upon its stalk. After watching it for 
some time, there was seen to emerge from the cyst a free- 
swimming ciliated Infusor called AmphiUptus, not unlike a 
long-necked Paramcecium (Fig. 20, p. 108). Many ob- 
servers would have put this down as a clear case of hetero- 
genesis : Dallinger simply recorded the observation and 
waited. Two years later the occurrence was explained ; he 
found the same two species in a pond, and watched an 
Amphileptus seize and devour a Vorticella, and, after finish- 
ing its meal, become encysted upon the stalk of its victim. 

It is obvious that the only way in which a case of hetero- 
genesis could be proved would be by actually watching the 
I transformation, and this no hetetogenist has ever done ; at 
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the most, certain supposed intermediate stages between the 
extreme forms have been observed — say, between a Euglena 
and a thread-worm — ^and the rest of the process inferred. 
On the other hand, innumerable observations have been 
made on these and other organisms, the result being that 
each species investigated has been found to go through a 
definite series of changes Jn the course of its development, 
the ultimate result being invariably an organism resembling 
in all essential respects that which formed the starting-point 
of the observations ; Euglense always giving rise to Euglenje 
and nothing else. Bacteria to Bacteria and nothing else, and 

There are many cases which imperfect knowledge might 
class under heterogenesis, such as the origin of frogs from 
tadpoles or of jelly-fishes from polypes (Lesson XXllI. Fig. 
53), but in these and many other cases the apparently 
anomalous transformations have been found to be part of 
the normal and invariable cycle of changes undergone by 
the organism in the course of its development ; the frog 
always gives rise ultimately to a frog, the jelly-fish to a jelly- 
fish. If a frog at one time produced a tadpole, at another a 
trout, at another a worm ; if jelly-fishes gave rise sometimes 
to polypes, sometimes to infusoria, sometimes to cuttle- 
fishes, and all without any regular sequence — Ma/ would be 
heterogenesis. 

It is perhaps hardly necessary to caution the reader against 
the error that there is any connection between the theory of 
heterogenesis and that of organic evolution. It might be 
said — if, as naturalists tell us, dogs are descended from 
wolves and jackals and birds from reptiles, why should not, 
for instance, thread-worms spring from Euglenje or Infusoria 
from Bacteria ? To this it is sufficient to answer that the 
evolution of one form from another takes place by a series 
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of slow, orderly, progressive changes going on through a 
long series of generations (see Lesson XIII.); whereas 
heterogenesis presupposes the casual occurrence of sudden 
transformations in any direction — />., leading to either a less 
or a more highly organized form — and in the course of a 
single generation. 



LESSON X 

PARAMCECIUM, STYLONYCHIA, AND OXYTRICHA 

It will have been noticed with regard to the simple uni- 
cellular organisms hitherto considered that all are not equally 
simple : that Protamoeba (Fig. 2, p. 9) and Micrococcus 
(Fig. 15, p. 86) may be considered as the lowest of all, 
and that the others are raised above these forms in the scale 
of being in virtue of the possession of nucleus or contractile 
vacuole, or of flagella, or even, as in the case of Euglena 
(Fig. 5, p. 45), of a mouth or gullet. 

Thus we may speak of any of the organisms already 
studied as relatively " high " or " low " with regard to the 
rest : the lowest or least differentiated forms being those 
which approach most nearly to the simplest conception of a 
living thing — a mere lump of protoplasm : the highest or 
most differentiated those in which the greatest complication 
of structure has been attained. It must be remembered, 
too, that this increase in structural complexity is always 
accompanied by some degree of division of physiological 
labour, or, in other words, that morphological and physio- 
logical differentiation go hand in hand. 

We have now to consider certain organisms in which this 
differentiation has gone much further ; which have, in fact, 
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acquired many of the characteristics of the higher animals 
and plants while remaining unicellular. The study of several 
of these more or less highly differentiated though unicellnlar 
forms will occupy the next seven Lessons. 

It was mentioned above that, in the earlier stages of tlie 
putrefaction of an organic infusion, bacteria only were 
found, and that later, monads made their appearance. Still 
later organisms much larger than monads are seen, generally 
of an ovoidal form, moving about very quickly, and seen by 
the use of a high power to be covered with innumerable fine 
cilia. These are called dliate Infusoria, in contradistinction 
to monads, which are often known as flagellate Infusoria ■ 
many kinds are common in putrefying infusions, some occur 
in the intestines of the higher animals, while others are 
among the commonest inhabitants of both fresh and salt 
water. Five genera of these Infusoria will form the subjects 
of this and the four following Lessons. 

A very common ciliate infusor is the beautiful " slipper 
animalcule," J'aramceHum aurelia, which from its compara- 
tively large size and from the ease with which all essential 
points of its organization can be made out is a very con- 
venient and interesting object of study. 

Compared with the majority of the organisms which have 
come under our notice it may fairly be considered as gigantic, 
being no less than \ — J mm. (200 — z6o/ii) in length : in 
fact it is just visible to the naked eye as a minute whitish 
speck. 

Its form (Fig. 30 a) can be fairly well imitated by making 
out of clay or stiff dough an elongated cylinder rounded at 
one end and bluntly pointed at the other ; then giving the 
broader end a slight twist : and finally making on the side 




Fig. so. — ParaHurnuiH aurelia. 

A, the living animal froco the vmtml aspect, showing ihe covering of 

cilia, ihe buccal groove (lo the right) ending posteriorly in (he mouth 
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(mtA) and eullet Igul) ; several food vncnoles (/. vnc), and the Iwo 
contractile vacuoles (c. vac). 

B, the same in optical section, showing cuticle (m), cortes [corlj, and 
medulla (werf) ; buccal groove (4«c. gr), mouth, and gullet (fu/) ; 
numeroQS food vacuoles (/. boc) circulating in the direction indicated 
hy the arrows, and containing particles of indigo, which are finally 
ejected at an anal spot ; mcganucleus (n»), micionucleus {fa. nu), and 
tricJiocyslE, some of which i,lrcA) arc shown with their threads ejected. 

The scale to the right of this figure applies to A and B. 

I^ a specimen killed with osmic acid, showing the ejection of tricho- 
cyst- threads, which project considerably beyond the cilia. 

D, diagram of binary fission ; the micronucleuB {pa. hu) has already 
divided, the nucleus (nti) is in the act of dividing. 

(n after Lankester.) 



rendered somewhat concave by the twist a wide shallow 
groove beginning at the broad end and gradually narrowing 
to about the middle of the body, where it ends in a tolerably 
deep depression. 

The grove is called the buccal groove (Fig. 20, a & b, 
buc. gr) : at the narrow end is a small aperture the mouth 
itnth), which, like the mouth of Euglena (Fig. 5), leads into 
the soft internal protoplasm of the body. The surface of 
the creature on which the groove is placed is distinguished 
as the ventral surface, the opposite surface being tipper or 
dorsal ; the broad end is anterior, the narrow end posterior, 
the former being directed forwards as the animalcule swims. 
These descriptive terms being decided upon, it will be seen 
from Fig. zo a, that the buccal groove begins on the left side 
of the body, and gradually curves over to the middle of the 
ventral surface. 

As the animal swims its form is seen to be permanent, 
exhibiting no contractions of either an amoeboid or a 
euglenoid nature. It is however distinctly flexible, often 
being bent in one or other direction when passing between 
obstacles such as entangled masses of weed. This perma- 
nence of contour is due to the presence of a tolerably firm 
though delicate cuticle {cu) which invests the whole surface. 
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The protoplasm thus enclosed by the cuticle is distinctly 
divisible into two port ion s^an external somewhat dense layer, 
the cortical laytr or cortex {cort), and an internal rnore fluid 
material, the medullary substance or medulla (med). It will be 
remembered that a somewhat similar distinction of the 
protoplasm into two layers is exhibited by Amceba (p. 3), the 
ectosarc being distinguished from the endosarc simply by 
the absence of granules. In Paramcecium the distinction is 
a far more fundamental one : the cortex is radially striated 
and is comparatively firm and dense, while the medulla is 
granular and serai-fluid, as may be seen from the fact that 
food particles (J. imc, see below, p. 11 a,) move freely in it, 
whereas they never pass into the cortex. It has recently been 
found that the medulla has a reticular structure similar to 
that of the protoplasm of the ordinary animal cell (Fig. 9, 
p. 62), consisting of a delicate granular network the meshes 
of which are filled with a transparent material. In .the 
cortex the meshes of the network are closer, and so form a 
comparatively dense substance. The cortex also exhibits 
a superficial oblique striation, forming what is called the 
tnyophati layer. 

The mouth {mtk) leads into a short funnel-like tube, the 
gullet i^ul), which is lined by cuticie and passes through the 
cortex to end in the soft medulla, thus malting a free com- 
munication between the latter and the external water. 

The cilia with which the body is covered are of approxi- 
mately equal size, quite short in relation to the entire 
animal, and arranged in longitudinal rows over the whole 
outer surface. They consist of prolongations of the cortex, 
and each passes through a minute perforation in the cuticle, 
They are in constant rhythmical movement, and are thereby 
distinguished from the fiagella of Htematococcus, Euglena, 
&:c., which exhibit more or less intermittent lashing move- 
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ments (see p. 25, note, and p. 59). Their rapid motion and 
minute size make them somewhat difficult to see while the 
Paramoaciura is alive and active, but after death they are 
very obvious, and look quite like a thick covering of fine 
silky hairs. 

Near the middle of the body, in the cortex, is a large oval 

nucleus (B, ««), which is peculiar in taking on a uniform tint 

when stained, showing none of the distinction into chroma- 

L tin and nuclear matrix which is so marked a feature in many 

I of the nuclei we have studied {see especially Fig. i, p. 2, and 

L Fig. 9, p. 6z). It has also a further peculiarity ; against one 

side of it is a small oval structure (pa. nu) which is also deeply 

stained by magenta or carmine. This is the mUronucltus : it 

is to be considered as a second, smaller nucleus, the larger 

body being distinguished as the nieganudeus. 

There are two contractile vacuoles (c. vac), one situated at 
about a third of the entire length from the anterior end of the 
body, the other at about the same distance from the posterior 
end : they occur in the cortex. 

The action of the contractile vacuoles is very beautifully 
seen in a Paramcecium at rest ; it is particularly striking in a 
specimen subjected to slight pressure under a cover glass, 
but is perfectly visible in one which has merely temporarily 
suspended its active swimming movements. It is then seen 
that during the diastole, or phase of expansion of each vacuole, 
a number— about six to ten— of delicate radiating, spindle- 
shaped spaces filled with fluid appear round it, like the rays 
of a-star (upper vacuole in a & b) ; the vacuole itself contracts 
or performs its systole, completely disappearing from view, 
and immediately afterwards the radiating canals flow together 
and re-fill it, becoming themselves emptied and therefore 
invisible for an instant (lower vacuole in a & b) but rapidly 
appearing once more. There seems to be no doubt that the 
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water taken in with the food is collected into these canals, 
emptied into the vacuole, and finally discharged into the 
surrounding medium. 

The process of feeding can be very conveniently studied 
in Paramrecium by placing in the water some finely-divided 
carmine or indigo. Wiien the creature comes into the 
neighbourhood of the coloured particles, the latter are swept 
about in various directions by the action of the cilia ; some 
of these are however certain to be swept into the neighbour- 
hood of the buccal groove and gullet, the cilia of which all 
work downwards, i.i. towards the inner end of the gullet. 
The grains of carmine are thus carried into the gullet, where 
for an instant they lie surrounded by the water of which it is 
full : then, instantaneously, probably by the contraction of 
the tube itself, the animalcule performs a sort of gulp, and 
the grains with an enveloping globule of water or food-vacuole 
are forced into the medullary protoplasm. This process is 
repeated again and again, so that in any well-nourished 
Paramoecium there are to be seen numerous globular spaces 
filled with water and containing particles of food— or in the 
present instance of carmine or indigo. At every gulp the 
newly formed food-vacuole pushes, as it were, its predecessor 
before it : contraction of the medullary protoplasm also takes 
place in a definite direction, and thus a circulation of food- 
vacuoles is produced, as indicated in Fig. 20, b, by arrows. 
After circulating in this way for some time the water of the 
food-vacuoles is gradually absorbed, being ultimately excreted 
by the contractile vacuoles, so that the contained particles 
come to lie in the medulla itself (refer to figure). The circu- 
lation still continues, until finally the particles are brought to 
a spot situated about half-way between the mouth and the 
posterior end of the body : here if carefully watched they 
are seen to approach the surface and then to be suddenly 
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^ected. The spot in question is therefore to be looked 
upon as a potential anus, ot aperture for the egestion of 
fEBces or undigested food-matters. It is a potential and not 
an actual anus, because it is not a true aperture but only a 
soft place in the cortex through which by the contractions 
of the medulla solid paiticles are easily forced. 

Of course when Paramoecium ingests, as il usually does, 
not cannine but minute living organisms, the latter aie 
digested as they circulate through the medullary protoplasm, 
and only the non-nutritious parts cast out at the anal spot. 
It has been found by experiment that this infusor can 
digest not only proteids but also starch and perhaps fats. 
The starch is probably converted into dextrin, a carbo- 
hydrate having the same formula (CflHiuOj) but soluble 
and diffusible. Oils or fats seem to be partly converted 
into fatty acids and glycerine. The nutrition of Paramoecium 
is therefore characteristically holozoic. 

It was mentioned above (p. 108) that the cortex is ra- 
dially striated in optical section. Careful examination with 
a very high power shows that this appearance is due to the 
presence in the cortex of minute spindle-shaped bodies (a 
and B, tr^) closely arranged in a single layer and perpen- 
dicular to the surface. These are called trichocysts. 

When a Paramoecium is killed, either by the addition of 
osmic acid or some other poisonous reagent or by simple 
pressure of the cover glass, it frequently assumes a remark- 
able appearance. Long delicate threads suddenly appear, 
projecting from its surface in all directions (c) and looking 
very much as if the cilia had suddenly protruded to many 
times their original length. But these filaments have really 
nothing to do with the cilia ; they are contained under or- 
dinary circumstances in the trichocysts, probably coiled up ; 
and by the contraction of the cortex consequent ujjon any 
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sudden irritation they are projected in the way indicated. 
In Fig. zo B, a few trichocysts (Irch) arc shown in the ex- 
ploded condition, i.e. with the threads protruded. Most 
likely these bodies are weapons of offence like the very 
similar structures (nematocysts) found in polypes (see Lesson 
XXII. Fig 51). 

Paramcecium multiplies by simple fission, the division of 
the body being always preceded by the elongation and 
subsequent division of the mega- and micronucleus (Fig. 
20, d). Division of the meganucleus is direct, that of the 
micronucleus indirect, i.e. takes place by karyoljinesis. 

Conjugation also occurs, usually after multiplication by 
fission has gone on for some time, but the details and the 
results of the process are very different from what are found 
to obtain in Heteromita (p. 62), Two Paramcecia come 
into contact by their ventral faces (Fig. a i, a) and the mega- 
nucleus {mg. nu) of each gradually breaks up into minute 
fragments (d — g) which are either absorbed into the proto- 
plasm or ejected. At the same time the micronucleus 
(tni. nu) divides, by karyokinesis, and the process is repeated, 
the result being that each gamete contains four micro- 
nuclei (b). Two of these become absorbed and disappear, 
(c mi. nu', tni. nu") of the remaining two one is now distin- 
guished as the active pronucleus, the other as the stationary 
pronucleus. Next, the active pronucleus of each gamete 
passes into the body of the other (c) and fuses with its 
stationary pronucleus (d): in this way each gamete con- 
tains a single nuclear body, the conjugation-nucleus (e), 
formed by the union of two similar pronuclei one of 
which is derived from another indi\'idual. It is this 
fusion of two nuclear bodies, one from each of the con- 
jugating cells, which is the essentia! part of the whole 




FiC, 21. —Stages in the Conjugatisn of ParatnadHm. 

A, Commencement of conjugalion : the meganuclei {mg. n 
two gameles are almn^t unaltered ^ the oiicroQuclei (mi. in) 
eaily stage of kaiyokinesis. 

B, The micronudcL have divided twice, each gamete 

c. Two of the micronuclei \mi, na', mi, iiu")of each gametE are 
d^enersting ; of the remaining two one— the active pronucleus — is 
passing into the othei gamete. 

D, The active pronucleus of .each gamete has passed into the other 
gamete and is conjugating with its stalianary pronucleus. The mega- 
nncleus (ing. nu) hai begun to break up. 

B, Each gamete contains a single conjugation -nucleus formed by the 
union of its own stationary pronucleus with the active pronaclens of 
the other gamete. On the right side the conjugation-nucleus is beginning 
lo divide. 

V, Conjugation is over and only one of the separated gametes is shown. 
It contains the fragments of the megnnucleus (dotted) and four nuclear 
bodies (tni. nu) produced by the division and re-division of the con- 
jugstion- nuc I eus. 

G, Two oflheproductsof division of the conjugation-nucleus fM^. >hi) 
are enlarging to form mega-nuclei, the other two {Mi.nti) are taking on 
the characters of micronuclei. 

(After Hortwig.) 
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process. Soon after this the gametes separate from one 
another and begin once more to lead an independent 
existence ; the conjugation nucleus of each undergoing 
a twice repeated process of division, the infusor thus 
acquiring foiir small nuclei (f). Two of these enlarge 
and take on the character of raeganuclei (o, Mg. nu), the 
other two remaining unaltered and having the character of 
micronuclei {Afi. nu). Thus shortly after the completion 
of conjugation each individual contains two mega- and 
two micronuclei all derived from the conjugation-nucleus. 
Ordinary transverse fission now takes place, as described 
in the preceding paragraph, each of the two daughter cells 
having one mega- and one micronucleus, and thus the 
normal form of the species is re-acquired. 

It will be noticed that, in the present instance, conjuga- 
tion is not a process of multiplication : it has been 
ascertained that during the time two infusors are conju- 
gating each might have produced several thousand offspring 
by continuing to undergo fission at the usual rate. The 
importance of the process lies in the exchange of nuclear 
material between the two conjugating individuals : without 
such exchange these organisms have been shown to undergo 
a gradual process of senile decay characterized by diminution 
in size and degeneration in structure. 
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Another ciliated infusor common in stagnant water and 
organic infusions is Stylonychia mytilus, an animalcule vary- 
ing from ytI"""- to \xava. 

Like Paramcecium it is often to be seen swimming rapidly 
in the fluid, but unlike that genus it frequently creeps about, 
almost like a wood-louse or a caterpillar, on the surface 
of the plants or other solid objects among which it lives. 
In correspondence with this, instead of being nearly 
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cylindrical, it is flattened on one— the ventral — side, 
and is thus irregularly plano-convex in transverse section 
(Fig. ,2, c). 

It resembles Paramoecium in general structure (compare 




Fig. 32.— a, Slyloiiychia Piylilus, ventral ai 
groove (hue. gf.) and moulh {?nfh\, two nut 
^ncoole {c.voi), and cilia diffetentiated into hook-like [k. ci), brialle- 
like {b. ci), plate-like (A ci), and fan-like (m. ci) oi^ans. 

B, one of the plate-like dlia of the aame (/. ci in a), showing its 
frayed extremity. 

c, tranEverse section of Gaslroilyla, a form allied to Slylonychia, 
showing buccal groove {biu. gr.), small dorsal cilia (1/. ci), hook-like 
cilium (A. ci), and the various cilia of the buccal groove, including an 
expanded fan-like organ {m. ci). A and u after Clapar^e and Lach- 
mann : C after Sterki. 

Fig. aa, a, with Fig. 20, a) ; but owing to the absence of 
trichocysls the distinction between cortex and medulla is 
less obvious : moreover, it has two nuclei (ww, nu) and only 
one contractile vacuole (c. 7>ae). 
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But it is in the character of its cilia that Stylonychia 
is most markedly distinguished from Paramceciutn ; these 
structures, instead of being all alike both in form and size, 
are modified in a very extraordinary way. 

On the dorsal surface the cilia are represented only by 
very minute processes of the cortex {c, d. ci.) set in longi- 
tudinal grooves and exhibiting little movement. It seems 
probable that these are to be looked uj>on as vestigial or 
rudimentary ciha, i.e., as the representatives of cilia which 
were of the ordinary character in the ancestors of Stylo- 
nychia, but which have undergone partial atrophy, or 
diminution beyond the limits of usefulness, in correspond- 
ence with the needs of an animalcule which has taken to 
creeping on its ventral surface, instead of swimming freely 
and so using all its cilia equally. 

On the other hand, the cilia on the ventral surface have 
undergone a corresponding enlargement or hypertrophy . 
Near the anterior and posterior ends and about the middle are 
three groups of ciUa of comparatively immense size, shaped 
either like hooks (h. ci.), or like flattened rods frayed at 
their ends {p. ci, and b). All these structures neither vibrate 
rhythmically like ordinary cilia nor perform lashing move- 
ments like fiagella, but move at the base only like one- 
jointed legs. The movement is under the animal's control, 
so that it is able to creep about by the aid of these hooks 
and plates in much the same way as a caterpillar by means 
of its legs. 

Notice that we have here a third form of contractility : in 
amceboid movement there is an irregular flowing of the pro- 
toplasm (pp. 4 and lo) ; in ciliary movement a flexion of 
a protoplasmic filament from side to side {p. 33) ; while 
in the present case we have sudden contractions taking place 
at irregular intervals. The movements of these locomotor 
hooks and plates are therefore very similar to the muscular 
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contractions to which the movements of the higher animals 
are due : it cannot be said that definite muscles are present 
in Stylonychia, but the protoplasm in certain regions of the 
unicellular body is so modified as to be -able to perform a 
sudden contraction in a definite direction. The nature of 
muscular contraction will be further discussed in the next 
Lesson (see p. 130). 

The remainder of the ventral surface, with the exception 
of the buccal groove, is bare, but along each side of the 
margin is a row of large vibratile cilia, of which three at 
the posterior end are modified into long, stifi", bristle-like 
processes (a, b. ci). 

There is also a special differentiation of the cilia of the 
buccal groove {buc.gr.). On its left side is a single row of 
very large and powerful cilia (a and c, m. ci) which are the 
chief organs for causing the food-current as well as the 
main swimming-organs : each has the form of a triangular 
fan-like plate {c, m. ci). On the right side of the buccal 
groove is a row of smaller but still large cilia of the ordinary 
form, and in the interior of the gullet a row of extremely 
delicate cilia which aid in forcing particles of food down the 
gullet into the medulla. 

In Stylonychia and allied genera intermediate forms are 
found between these pecuUar hooks, plates, bristles, and 
fans, and ordinary cilia ; from which we may conclude that 
these diverse appendages are to be looked upon as highly 
modified or differentiated cilia. Probably they have been 
evolved in the course of time from ordinary cilia, and on 
the principle that the more complicated or specialized 
organisms are descended from simpler or more generaH^ed 
forms (see Lesson XllL), we may consider Stylonychia as 
the highly-specialized descendant of some uniformly-ciliated 
progenitor. 
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A third genus of ciliated Infusoria must be just referred 
to in concluding the present Lesson, We have Seen how 
the nucleus of a Paramcecium which has just conjugated 
breaks up and apparently disappears (Fig. zi, k— o). 
In Oxytricha, a genus closely resembling Stylonychia, the 
two nuclei have been found to break up into a large number 
of minute granules (Fig. 23), which can be seen only after 
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careful staining and by the use of high magnifying powers. 
This process is called fragmentation of the nucleus ; in 
other cases it goes even further, and the nucleus is reduced 
to an almost infinite number of chromatin granules only just 
visible under the highest powers. From this it seems very 
(irobable that organisms which, like Protamceba (p. 9) and 
•Protomyxa (p, 49), appear non-nucleate, are actually pro- 
vided with a nucleus in this pulverized condition, and that 
a nucleus in some form or other is an essential constituent 
of the ceil. 



The large intestine of the t;oiiimun frog often contains 
numbers of ciliate Infusoria belonging to two or three 
genera. One of these parasitic animalcules, called Opalina 
ranarum, will now be described. It is easily obtained by 
killing a frog, opening the body, making an incision in the 
rectum, and spreading out a little of its blackish contents in 
a drop of water on a slide. 

Opalina has a flattened body with an oval outline (Fig. 
24, A, b), and full-sized specimens may be as much as one 
millimetre in length. The protoplasm is divided into cortex 
and medulla, and is covered with a cuticle, and the cilia are 
equal-sized and uniformly arranged in longitudinal rows over 
the whole surface (a). 

On a first examination no nucleus is apparent, but after 
staining a largu number of nuclei can be seen (u, nu), each 
being a globular body (c, i), consisting of a nuclear matrix 
surrounded by a membrane and containing a coil or net- 
work of chromatin. These nuclei multiply within the body 
of the infusor, and in so doing pass through the various 
changes characteristic of karyokinesis or indirect nuclear 
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(compare Fig. lo, p. 64, with Fig. 33) : the 
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tlu 3^,—Opahta ranarun 
men surface v ew show ng loogitud nal rows of c I a. 
B in Ban e s amed show nf, nume ou nucle «) n a ous s ^ea 
of division. 

C, I — 6, stages in nuclear division. 

D, longitudinal fission. 

V, the same in a specimen reduced in size by repealed division. 

G, linal pioducl of successive divisions. 

H, encysted form. 

I, uninucleate form produced from cyst. 

K, the same after multiplication of the nucleus ha^ begun. 

(A— C, after Pfitiner ; D— K, from .SaviUe Kent after Zeller.) 

chromatin breaks u|> {c, 2), a spindle is formed with the 
chromosomes across its equator (3), the chromosomes pass 



to the poles of the spindle (4, 5), and the nucleus becomes 
constricted (5), and finally divides into two (6). 

The presence of numerous nuclei in Opalina is a fact 
worthy of special notice. The majority of the organisms 
we have studied are uninucleate as well as unicellular ; the 
higher animals and plants we found {Lesson VI.) to consist 
of numerous cells each with a nucleus, so that they are 
multicellular and multinucleate : Opalina, on the other 
hand, is multinucleate but unicellular. An approach to 
this condition of things is furnished by Stylonychia, which is 
umcellularandbinucleate(Fig. 24, a), but the only organisms 
we have yet studied in which numerous nuclei of the ordi- 
nary character occur in an undivided mass of protoplasm are 
the Mycetozoa {p. 52), and in them the multinucleate con- 
dition of the Plasmodium is largely due to its being formed 
by the fusion of separate cells, while in Opalina it is due, as 
we shall see, to the repeated binary fission of an originally 

There is no contractile vacuole, and no irace of either 
mouth or gullet, so that the ingestion of solid food is impos- 
sible. The creature lives, as already stated, in the intestine 
of the frog : it is therefore an internal parastle, or tndo- 
parasite, having the frog as its hast. The intestine contains 
the partially-digested food of the frog, and it is by the ab- 
sorption of this that the Opalina is nourished. Having no 
mouth, it feeds solely by imbibition : whether it performs 
any kind of digestive process itself is not certainly known, 
but the analogy of other mouthless parasites leads us to 
expect that it simply absorbs food ready digested by its host, 
upon which it is dependent for a constant supply of soluble 
and diffusible nutriment. 

Thus Opahna, in virtue of its parasitic mode of life, is 
saved the performance of certain work — the work of diges- 
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tion, that work being done for it by its host. This is the 
essence of internal parasitism : an organism exchanges a free 
life, burdened with the necessity of finding food for itself, for 
existence in the interior of another organism, on which, in 
one way or another, it levies blackmail. 

Note the close analogy between the nutrition of an internal 
parasite like Opalina and the saprophytic nutrition of a 
monad (p. 39). In both the organism absorbs proteids 
rendered soluble and diffusible, in the one case by the 
digestive juices of the host, in the other by the action of 
putrefactive bacteria. 

The reproduction of Opalina presents certain points of 
interest, largely connected with its peculiar mode of life. It 
is obvious that if the Opalinie simply went on multiplying, 
by fission or otherwise, in the frog's intestine, the population 
would soon outgrow the means of subsistence : moreover, 
when the frog died there would be an end of the parasites. 
What is wanted in this as in other internal parasites is some 
mode of multiplication which shall serve as a means of dis- 
persal, or in other words, enable the progeny of the parasite 
to find their way into the bodies of other hosts, and so start 
new colonies instead of remaining to impoverish the mother 
country. 

Opalina multiphes by a somewhat peculiar process of 
binary fission : an animalcule divides in an oblique direction 
(Fig. 24, d), and then each half, instead of growing to the 
size of the parent cell, divides again transversely (e). The 
process is repeated again and again (f), the plane of division 
being alternately oblique and transverse, until finally small 
bodies are produced (r,), about ^n,-^ mm. in length, and 
containing two to four nuclei. 

irthe parent cell had divided simultaneously into a num- 



"5 

ber of these little bodies the process would have been one of 
multiple fission : as it is it forms an interesting link between 
simple and multiple fission. 

Opalina ranarum multiplies in this way in the spring— /.^. 
during the frog's breeding season. Each of the small pro- 
ducts of division (g) becomes encysted (h), and in this 
passive condition is passed out with the frog's excrement, 
probably falling on to a water-weed or other aquatic object. 
Nothing further takes place unless the cyst is swallowed by 
a tadpole, as must frequently happen when these creatures, 
produced in immense numbers from the frogs' eggs, browse 
upon the water-weeds which form their chief food. 

Taken into the tadpole's intestine, the cyst is burst or 
dissolved, and its contents emerge as a lanceolate mass of 
protoplasm (i), containing a single nucleus and covered with 
ciUa. This, as it absorbs the digested food in the intestine 
of its host, grows, and at the same time its nucleus divides 
repeatedly (k) in the way already described, until by the time 
the animalcule has attained the maximum size it has also 
acquired the large number of nuclei characteristic of the 
genus. 

Here, then, we have another interesting case of develop- 
ment (see p. 43) : the organism begins life as a very small 
uninucleate mass of protoplasm, and as it increases in size 
increases also in complexity by the repeated binary fission 
of its nucleus. 
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The next organism we have to consider is a ciliated infusor 
even commoner than those described in the two previous 
lessons. It is hardly possible to examine the water of a 
pond with any care without finding in it, sometimes attached 
to weeds, sometimes to the legs of water-fleas, sometimes to 
the sticks and stones of the bottom, numbers of exquisitely 
beautiful little creatures, each like an inverted bell with a 
very long handle, or a wine-glass with a very long stem. 
These are the welt-known "bell-animalcules;" the com- 
monest among them belong to various species of the genus 
Vortialla. 

The first thing that strikes one about Vorticella 
(Fig. 25, a) is the fact that it is permanently fixed, 
like a plant, the proximal or near end of the stalk 
being always firmly fixed to some aquatic object, while to 
the distal or far end the body proper of the animalcule is 
attached. 

But in spite of its peculiar form it presents certain very 
obvious points of resemblance to Paramcecium, Stylonychia, 
and Opalina. The protoplasm is divided into cortex ( Fig. 
25, c, cort) and medulla {med), and is invested with a 




Fig. tc,.~V'iirt!iel/a. 

A, living specimen fiilly expanded, showing stalk (i/) with axial fibre 
{ax. f.). peristome (per), disc (rf), mouth {mlA), gullet {gull), atiA 
contractile vacuole. 

B, the same, bent on its stalk and with the disc turned away &oin 
the observer. 

c, optical section of the same, showing cuticle (<u), cortex {fori), 
medulla {med), nucleus (««), gullet {gJill), several food-vacuoles, and 
anlU! {an), at well as the Etructures shown in A. 

d', a half- retracted and Tfi a fully- retracted specimen, showing the 
ling of the stalk and overlapping of the disc by the peristome. 
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il of binary fission ; k\ completion of [he process ; 
k', ihe barrel-shaped, product of division swimming freely in ihc 
direction indicated by the arrow. 

F', aspecimen dividing into a niegazooid and several niiero20oid5(w) ; 
p', cUvisioo into one mi^- and one microzooid. 

c', c', twu stages in conjugation sboiving the gradual absorption of 
the microgamete (m) into the in^aganiete. 

n', innlliple fission of encysted form, the nucleus dividing into nume- 
rous masses : h', spore formed 1^ multiple fission ; h' — K', development 
of the spore ; U* is nnde^oiog binaiy fissii 

(K— H after Saville Kent. ) 
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delicate cuticle (»). There is a single contractile vacuole 
(c. vae) the movements of which are very readily made out 
owing to the ease with which the attached organism is kept 
imder observation. There is a meganucleus («») remarkable 
for its elongated band-like form, and having in its neighbour- 
hood a small rounded micro niic lens. Cilia are also present, 
but the way in which they are disposed is very peculiar and 
characteristic. To understand it we must study the form 
of the body a little more closely. 

The conical body is attached by its apex or proximal end 
to the stalk : its base or distal end is expanded so as to form 
a thickened rim, the perisfame (per), within which is a plate- 
like body elevated on one side, called the disc {d), and 
looking like the partly raised lid of a chalice. Between the 
raised side of the disc and the peristome is a depression, the 
mouth {mih), leading into a conical gullet {gull). 

There is reason for thinking that the whole proximal 
region of Vorticella answers to the ventral surface of Para- 
mcecium, and its distal surface with the peristome and 
disc to the dorsal stuface of the free-swimming genus : the 
mouth is to the left in both. 

A single row of cilia is disposed round the inner border 
of the peristome, and continued on the one hand down the 
gullet, and on the other round the elevated portion of the 
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disc ; the whole row of cUia thus takes a spiral direction. 
The rest of the body is completely bare of cilia. 



The 



of the cilia produt 






optical illusion : as one watches a fully-expanded specimen 
it is hardly possible to believe that ihe peristome and disc 
are not actually revolving — a state of thmgs which would 
imply that they were discontinuous from the rest of the 
body. As a matter of fact the appearance is due to the 
successive contraction of all the cilia in the same direction, 
and is analogous to that produced by a strong wind on a 
field of corn or long grass. The bending down of suc- 
cessive blades of grass produces a series of waves travelling 
across the field in the direction of the wind. If instead of 
a field we had a large circle of grass, and if this were acted 
upon by a cyclone, the wave would travel round the circle, 
which would then appear to revolve. 

Naturally the movement of the circlet of ciha produces a 
small whirlpool in the neighbourhood of the Vorticella, as 
can be seen by introducing finely-powdered carmine into 
the water. It is through the agency of this whirlpool that 
food particles are swept into the mouth, surrounded, as in 
Paramcecium, by a globule of water : the food-vacuoles 
(J. vac) thus constituted circulate in the medullary proto- 
plasm, and the non-nutritive parts are finally egested at an 
anal spot (an) situated near the base of the gullet. 

The stalk {st) consists of a very delicate, transparent, 
outer substance, which is continuous with the cuticle of the 
body and contains a delicate axial fibre {ax.f.) running 
along it from end to end in a somewhat spiral direction. 
This fibre is a prolongation of the cortex of the body 
(c, ax.f.) : under a very high power it appears granular or 
delicately striated, the strise being continued into the cortex 
of the proximal part of the body. 
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A striking characteristic of Vorticella is its extreme 
irritability, »'.«., the readiness with which it responds to any 
external stimulus (see p. ro). The slightest jar of the 
microscope, the contact of some other organism, or even a 
current of water produced by sorae free-swimming form like 
Paramcecium, is felt directly by the bell-animalcule and is 
followed by an instantaneous change in the relative position 
of its parts. The stalk becomes coiled into a close spiral 
(d^, d^) so as to have a mere fraction of its original length, 
and the body from being bell-shaped becomes globular, the 
disc being withdrawn and the peristome closed over it 

The coiling of the stalk leads us to the consideration of 
the particular form of contractility called muscular, which 
we have already met with in Stylonychia (p. ii6). It was 
mentioned above that while the stalk in its fully expanded 
condition is straight, the axial fibre is not straight, but forms 
a very open spiral, i.e., it does not lie in the centre of 
the stalk but at any transverse section is nearer the surface 
at one spot than elsewhere, and this point as we ascend the 
stalk is directed successively to al! points of the compass. 

Now suppose that the axial fibre undergoes a sudden con- 
traction, that is to say, a decrease in length accomjianied by 
an increase in diameter, since as we have already seen 
(p. lo) there is no decrease in volume in protoplasmic 
contraction. There will naturally follow a corresponding 
shortening of the elastic cuticular substance which forms the 
outer layer of the stalk. If the axial fibre were entirely 
towards one side of the stalk, the result of the contraction 
would be a ilexure of the stalk towards that side, but, as its 
direction is spiral, the stalk is bent successively in every 
)n, that is, is thrown into a close spiral coil. 
; axial fibre is therefore a portion of the protoplasm 
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which jjossesses ihe proptrly of contractility in a special de- 
gree ; in which moreover contraction takes place in a definite 
direction — the direction of the length of the fibre — so that 
its inevitable result is to shorten the fibre and consequently 
to bring its two ends nearer together. This is the essential 
characteristic of a muscular contraction, and the axial fibre 
in the stalk of Vorticella is therefore to be looked upon as 
the first instance of a clearly differentiated masele which has 
come under our notice. 

There are some interesting features in the reproduction of 
Vorticella. It multiplies by binary fission, dividing through 
the long axis of the body (Fig. 25, e^, e^). Hence it is 
generally said that fission is longitudinal, not transverse, as 
in ParamcEcium. I3ut on the theory (p. 107) that the peris- 
tome and disc are dorsal and the attached end ventral, 
fission is really transverse in this case also. 

It will be seen from the figures that the process takes place 
by a cleft appearing at the distal end (e^), and gradually 
deepening until there are produced two complete and full- 
sized individuals upon a single stalk (e^). This state of 
things does not last long : one of the two daughter-cells takes 
on a nearly cylindrical fonn, keeps its disc and peristome 
retracted, and acquires a new circlet of cilia near its proximal 
' end (e*) : it then detaches itself from the stalk, which it 
I leaves in the sole possession of its sister-cell, and swims about 
I freely for a time in the direction indicated by the arrow. 
Sooner or later it settles down, becomes attached by its 
proximal end, loses its basal circlet of cilia, and develops a 
stalk, which ultimately attains the normal length. 

The object of this arrangement is obvious. If when a 

Vorticella divided, the plane of fission extended down the 

stalk until two ordinary fixed forms were produced side by 

I side, the constant repetition of the process would so increase 
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the numbers of the species in a given sfKJt that the food- 
supply would inevitably run shon. This is prevented by 
one of the two sister-cells produced by fission leading a free 
existence long enough to enable it to emigrate and settle in 
a new locality, where the competition with its fellows will be 
less keen. The production of these free-swimming zooids 
is therefore a means of dispersal (see p. 122) : contrivances 
having this object in view are a very general characteristic 
of fixed as of parasitic organisms. 

Conjugation occasionally takes place, and presents certain 
pectiHariries. A Vorticella divides either into two unequal 
halves (f*) or into two equal halves, one of which divides 
again into from two to eight daughter-cells (f'). There are 
thus produced from one to eight microsooids which resemble 
the barrel-shaped form (e*) in all but size, and like it become 
detached and swim freely by means of a basal circlet of cilia. 
After swimming about for a time, one of these microzooids 
comes in contact with an ordinary form or megasooid, when 
it attaches itself to it near the proximal end (g^), and under- 
goes gradual absorption (g^), the mega- and microzooids 
becoming completely and permanently fused. As in Para- 
moecium, conjugation is followed by increased activity in 
feeding and dividing (p. 113). 

Notice that in this case the conjugating bodies or gametes 
are not of equal size and similar characters, but one, which 
is conveniently distinguished as the mkrogamete { = micro- 
zooid) is relatively small and active, while the other or 
megagamets ( = meganooid, or ordinary individual) is rela- 
tively large and passive. As we shall see in a later lesson, 
this differentiation of the gametes is precisely what we get in 
almost all organisms with two sexes : the microgamete being 
the male, the megagamete the female conjugating body {sec 
Lesson XVI,). 
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The result of conjugati 
cases already studied : in 
unite to form a zygote, 
cell-wall, the protopla 



)n is strikingly different in liiu three 
Heteromita (p. 41) the two gametes 
a motionless body provided with a 
of which divides into spores : in 



Paramcecium (p. 113) no zygote is formed, conjugatiofibeing 
a mere temporary union : in VorLicella the zygote is an 
actively moving and feeding body, indistinguishable from an 
ordinary individual of the species. 

Vorticella sometimes encysts itself (Fig. 25, h^), and the 
nucleus of the encysted cell has been observed to break up 
into a number of separate masses, each doubtless surrounded 
by a layer of protoplasm. After a time the cyst bursts, and 
a number of small bodies or spores (k*) emerge from it, each 
containing one of the products of division of the nucleus._ 
These acquire a circlet of cilia (h^), by means of which they 
swim freely, and they are sometimes found to multiply by 
simple fission (h*). Finally, they settle down (h^) by the 
end at which the cilia are situated, the attached end begins 
to elongate into a stalk (h"), this increases in length, the 
basal circlet of cilia is lost, and a ciliated peristome and 
disc are formed at the free end (h'). In this way the 
ordinary form is assumed by a process of development 
recalling what we found to occur in Heteromita (p. 42), but 
with an important difference : the free-swimming young of 
Vorticella (h^), to which the spores formed by division of 
the encysted protoplasm give rise, differ strikingly in form 
and habits from the adult. This is expressed by saying 
that development is in this case accompanied by a mela- 
ftiorpHosis, this word, literally meaning simply a change, being 
always used in biology to express a striking and fundamental 
difference in form and habit between the young and the 
adult ; as, for instance, between the tadpole and the frog, 
or between the caterpillar and the butterfly. It is obvious 



that in the present 
of ensuring dispersal. 
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metamorphosis is another means 
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A en e o on n agn fied how ng nu n n n e vc 

(r. i) lonids [ ax. f axial fibre of Ihe stem. 
B, Che same, oatural size. 
c, the same, magnified, in the condition of retraction. 

D, nutritive zooid, showing nucleus (hk), contractile vacuole (c. va<), 
gullet, and axia] fibre (ax.f). 

E, reproductive zooid, snowing nucleus {mi) and contractile vacuole 
\c. 1101), and absence of mouth and gullet. 

f', F', two stages in the development of the reproductive znnid. 
(After Saville Kent.) 

production of equal and similar daughter-cells, but of one 
stalked and one free-swimming form. It is however quite 
possible to conceive of a Vorticella-like organism in which 
the parent cell divides into two equal and similar products, 
each retaining its connection with the stalk. If this process 
were repeated again and again, and if, further, the plane nf 
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fission were extended downwards so as to include the distal 
end of the stalk, the result would be a branched, tree-like 
stem with a Vorticella-like body at the end of every branch. 
As a matter of fact, this process takes place not in Vorti- 
ceUa itself, but in a nearly allied infusor, the beautiful 
Zoothamnium, a common genus found mostly in sea-water 
attached to weeds and other objects. 

Zoothamnium arbuscula (Fig. 26, a) consists of a main 
stem attached by its proximal end and giving off at its distal 
end several branches, on each of which numerous shortly- 
stalked bell-animalcules are borne, like foxgloves or Canter- 
bury-bells on their stem. The entire tree is about i cm. 
high, and so can be easily seen by the naked eye : it is shown 
of the natural size in Fig. 26, b. 

We see, then, that Zoothamnium differs from all our 
previous types in being a compound organism. The entire 
"tree " is called a colony or stock, and each separate 
bell-animalcule borne thereon is an individual or zooid, 
morphologically equivalent to a single Vorticella or 
Paramcecium. 

As in Vorticellfi, the stem consists of a cuticular sheath 
with an axial muscle-fibre {ax. /), which, at the distal end 
of the main stem, branches like the stem itself, a prolonga- 
tion of it being traceable to each zooid (d). So that the 
muscular system is common to the whole colony, and any 
shock causes a general contraction, the tree-like structure 
assuming an almost globular form (c). 

It will be noticed from the figure that all the zooids of 
the colony are not alike ; the majority are bell-shaped and 
resemble Vorticellfe (a, «. s, and d), but here and there are 
found larger bodies (a, r. a, and e) of a globular form, with- 
out mouth, peristome, or disc, and with a basal circlet of 
cilia. The characteristic band-like nucleus {nu) and the 



136 VORTICELLA AND ZOOTHAMNIUM less, xii 

contractile vacuole {c. vac) are found in both the bell-shaped 
and the globular zooids. 

It is to these globular, mouthless zooids that the functions 
of reproducing the whole. colony and of ensuring dispersal 
are assigned. They become detached, swim about freely 
for a time, then settle down, develop a stalk and mouth 
(f^, f^), and finally, by repeated fission, give rise to the 
adult, tree-like colony. 

The Zoothamnium colony is thus dimorphic^ bearing indi- 
viduals of two kinds : nutritive zooids, which feed and add 
to the colony by fission but are unable to give rise to a new 
colony, and reproductive zooids, which do not feed while 
attached, but are capable, after a period of free existence, of 
developing a mouth and stalk, and finally producing a new 
colony. Dimorphism is a differentiation of the individuals 
of a colony, just as the formation of axial fibre, gullet, con- 
tractile vacuole, and cilia are cases of differentiation of the 
protoplasm of a single cell. 



LESSON XIII 



More Ihan once in the course of the foregoing lessons we 
have had occasion to use the word species — for instance, in 
Lesson I. (p. 8J it was staled that there were different 
kinds or species of Amoebas, distinguished by the characters 
of their pseudopods, the structure of their nuclei, &c. 

We must now consider a little more in detail what we 
mean by a species, and, as in all matters of this sort, the 
study of concrete examples is the best aid to the formation 
of clear conceptions, we will take, by way of illustration, 
some of the various species of Zoothamnium. 

The kind described in the previous lesson is called 
Zoothamnium arbuscuia. As Big. z6, a, shows, it consists of a 
tolerably stout main stem, from the distal end of which 
spring a number of slender branches diverging in a brush- 
like manner, and bearing on short secondary branchlets the 
separate individuals of the colony : these are of two kinds, 
bell-shaped nutritive zoo ids, and globular reproductive 
zooids, so that the colony is dimorphic. 

Zoothamnium (or, for the sake of brevity, Z.) alternans 
(Fig. 27, a) is found also in sea-water, and differs markedly 
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from Z. arbuscula in the general form of the colony. The 
main stem is continued to the extreme distal end of the 
colony and terminates in a zooid ; from it branches are 
given off right and left, and on these the remaining zooids 
are borne. To use Mr. Saville Kent's comparison, Z. arbus- 




FlC. 27. — Species of Zoolhamniuni. A, Z. alleriiaiis, a, Z. 
diehjtomum. C, Z. simflcr. D, Z. affim. K, Z vtilans. (Afler 
Savilte Kent.) 

cula may be compared to a standard fruit tree, Z. altemans 
to an espalier. In this species also the colony is dimorphic. 

Z. dicholomuin (Fig. 1 7, e) is also dimorphic and presents a 
third mode of branching. The main stem divides into two, 
and each of the secondary branches does the same, so that 
a repeatedly forking stem is produced. The branching of 
this species is said to be diehotontous, while that of Z. alter- 
nans is fnanopodial, and that of Z. arbuscula umbellate. 

Another mode of aggregation of the zooids is found in Z. 
simplex (Fig. 27, c) in which the stem is unbranched and 



hears at its distil end about six zooids in a clusttr. I'hc 
zooids are more elongated than in any of the preceding 
species, and there are no special reproductive individuals, so 
that the colony is homomorphic. 

In Z. (yJSne {Fig. 27, d) the stalk is dichotomous but is 
proportionally thicker than in the preceding species, and 
bears about four zooids, all alike. It is found in fresh water 
attached to insects and other aquatic animals. 

The last species we shall consider is Z. nutans (Fig. 27, e), 
which is the simplest known, never bearing more than two 
zooids, and sometimes only one. 

A glance at Figs. 26 and 27 will show that these six species 
agree with one another in the general form of the zooids, in 
the characters of the nucleus, contractile vacuole, &c., in 
the arrangement of the cilia, and in the fact that they are all 
compound organisms, consisting of two or more zooids 
attached to a common stem, the axial fibre of which branches 
with it, i.e., is continuous throughout the colony. 

On account of their possessing these important characters 
in common, the species described are placed in the single 
genus Zoothamnium, and the characters summarized in the 
preceding paragraph are called generic characters. On the 
other hand the points of difference between the various 
species, such as the forking of the stem in Z, dichotomum, 
the presence of only two zooids in Z. nutans, and so on, are 
called spicific characters. Similarly the name Zoothamnium, 
which is common to all the species, is the generic name, 
while those which are applied only to a particular species, 
such as arbuscula, simplex, &c., are the specific names. As 
was mentioned in the first lesson (p. 8), this method of 
naming organisms is known as the Linnean system of 
binomial nomenclature. 

It will be seen from the foregoing account that by a 
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species we understand an assemblage ol individual or- 
ganisms, whether simple or compound, which agree with one 
another in all but unessential points, such as the precise 
number of zooids in Zoothamnium, which may vary con- 
siderably in the same species, and come, therefore, within 
the limits o{ t'niitvidua/ variation. Similarly, what we mean 
by a genus is a group of species agreeing with one another 
1 the broad features of their organization, but differing in 
detail, the differences being constant. 

A comparison of the six species described brings out 
several interesting relations between them. For instance, it 
is clear that Z. arbuscula and Z. altemans are far more 
complex i.e., exhibit greater differentiation of the entire 
colony, than Z. simplex, or Z. nutans ; so that, within the 
limits of the one genus, we have comparatively low or 
generalized, and comparatively high or specialized species. 
Nevertheless, a little consideration will show that we cannot 
arrange the species in a single series, beginning with the 
lowest and ending with the highest, for, although we should 
have no hesitation in placing Z. nutans at the bottom of 
such a list, it would be impossible to say whether Z. atSne 
was higher or lower than Z. simplex, or Z. arbuscula than 
Z. alternans. 

It is, however, easy to arrange the species into groups 
according to some definite system. For instance, if we take 
the mode of branching as a criterion, Z. nutans, ailine, and 
dichotomum will all be placed together a= being dichoto- 
mous, and Z. simples and arbuscula as being umbellate — 
the zooids of the one and the branches of the other all 
springing together from the top of the main stem : on this 
system Z. alternans will stand alone on account of its mono- 
podia! branching. Or, we may make two groups, one of 
dimorphic forms, including Z. arbuscula, alternans, and 
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dichotomum, and another of homomorphic species, including 
Z. afEne, simplex, and nutans. We have thus two very 
obvious ways of arranging or classifying the species of 
Zoothamnium, and the question arises — which of these, i 
either, is the right one ? Is there any standard by which 
we can judge of the accuracy of a given classification t 
these or any other organisms, or does the whole thing depend 
upon the fancy of the classifier, like the arrangement of 
books in a library ? In other words, are all possible classi. 
fications of living things more or less artificial, or is there 
such a thing as a natural classification ? 

Suppose we were to try and classify all the members of a 
given family^ parents and grandparents, uncles and aunts, 
cousins, second cousins, and so on. Obviously there are a 
hundred ways in which it would be possible to arrange 
them — into dark and fair, tall and short, curly-haired and 
straight-haired and so on. But it is equally obvious that all 
these methods would be purely artificial, and that the only 
natural way, i.e., the only way to show the real connection of 
he various members of the family with one another would 
be to classify them according to blood-relationship, in other 
words to let our classification take the form of a genea- 
logical tree. 

It may be said — what has this to do with the point under 
discussion, the classification of the species of Zoothamnium ? 

There are two theories which attempt to account for the 
existence of the innumerabie species of living things which 
inhabit our earth : the theory of creation and the theory of 
evolution. 

According to the theory of creation, all the individuals of 
every species existing at the present day— the tens of 
thousands of dogs, oak trees, amcebie, and what not- 
derived by a natural process of descent from a single indi- 



vidual, or from a pair of individuals, in each case precisely 
resembling, in all essential respects, their existing descend- 
ants, which canie into existence by a process outside the 
ordinary course of nature and known as Creation. On this 
hypothesis the history of the genus Zoothamnium would be 
represented by the diagram (Fig. 28) ; each of the species 
being derived from a single individual which came into 
Existing Indiuiduala 



Anceatral Indiuiduala 

I'm. 2&. — Diagram illustrating Ihe or^in of Uiu spucits of 
Zoothamnium hy crealion. 

existence, independently of the progenitors of all the other 
^lecies, at some distant period of the earth's history. 

Notice that on this theory the various species are no more 
actually related to one another than is either of them to 
Vorticellai'or for the matter of that to Homo. The in- 
dividuals of any one species are truly related since they all 
share a common descent, but there is no more relationship 
between the individuals of any two independently created 
species than between any two independently manufactured 
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chairs or tables. The words afiSnity, relationship, &c., as 
applied to different species are, on the theory of Creation 
purely metaphorical, and mean nothing more than that a 
certain likeness or community of structure ejusts ; just as 
we might say that an easy chair was mofe nearly related to a 
kitchen chair than either of them to a three-legged stool. 

We see therefore that on the hypothesis of creation t\u: 
varying degrees of likeness and unlikeness hetween the 
species receive no explanation, and that we get no absolute 
criterion of classification ; we may arrange our organisms, 
as nearly as our knowledge allows, according to their resem- 
blances and differences, hut the relative importance of the 
characters relied on becomes a purely subjective matter. 

According to the rival theory — that of Descent or Organic 
Evolution— every species existing at the present day is 
derived by a natural process of descent from some other 
species which lived at a former period of the world's 
history. If we could trace back from generation to gener- 
ation the individuals of any existing sjjecies we should, on 
this hypothesis, find their characters gradually change, until 
finally a period was reached at which the differences were so 
considerable as to necessitate the placing of the ancestral 
forms in a different species from their descendants at the 
present day. And in the same way if we could trace back 
the species of any one genus, we should find them gradually 
approach one another in structure until they finally con- 
verged in a single species, differing from those now existing 
but standing to all in a true parental relation. 

Let us illustrate this by reference to Zoothamnium. As a 
matter of fact we know nothing of the history of the genus, but 
the comprehension ofwhatis meant by the evolution of species 
will be greatly faciltated by framing a working hypothesis. 

Suppose that at some distant period of ihu world's history 
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there existed a Vorticel la-like organism which we will call 
(Fig, ag), having the general characters of a single 
stalked zooid of Zooihamnium {compare Fig. 26, v^), and 
suppose that, of the numerous descendants of this form, 
represented by the lines diverging frorn a, there were some 
in which both the zooids formed by the longitudinal division 
of the body remained attached to the stalk instead of one of 
them swimming off as in Vorticella. The result — it matters 




Fig. zg. — Diagram illustrating the origin of the spedes of 
Zoothamnium b; evoluiion. 

not for our present purpose how it may have been caused- — 
would be a simple colonial organism consisting of two zooids 
attached to the end of a single undivided stalk. Let us call 
this form b. 

Next let us imagine that in some of the descendants of b, 
represented as before by the diverging lines, the plane of 
division was continued downwards so as to include the 
distal end of the stalk : this would result in the production 
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form (c) consisting of two zooids borne on a forked 
stem and resembling Z. nutans. If in some of the descend- 
ants of c this process were repeated, each of the two zooids 
again dividing into two fixed individuals and the division 
as before affecting the stem, we should get a species (d) con- 
sisting of four zooids on a dichotomous stem, like Z. affine. 
Let the same process continue from generation to genera- 
tion, the colony becoming more and more complex; we 
should finally arrive at a species e, consisting of numerous 
zooids on a complicated dichotomously branching stem, 
and therefore resembling Z. dichotomum. 

Let us further suppose that, in some of the descendants 
of our hypothetical form b, repeated binary fission took 
place without affecting the stem : the result would be a new 
form F, consisting of numerous zooids springing in a cluster 
from the end of the undivided stem, after the manner of 
Z. simplex, From this a more complicated umbellate form 
(g), like Z. arbuscula, may be supposed to have originated, 
and again starting from b with a different mode of branch- 
ing a monopodial form (h) might have arisen. 

Finally, let it be assumed that while some of the descend- 
ants of the forms c, d, and f became modified into more 
and more complex species, others survived to the present 
time with comparatively Httle change, forming the existing 
species nutans, affine, and simplex : and that, in the similarly 
surviving representatives of e, g, and h, a differentiation of 
the individual zooids took place resulting in the evolution of 
the dimorphic species dichotomum, arbuscula, andaltemans. 

It will be seen that, on this hypothesis, the relative like- 
ness and unlikeness of the species of Zoothamnium are 
explained as the result of their descent with greater or less 
modification or divergence of character from the ancestral 
form A. And that we get an arrangement or classification 
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in the form nf a genealogical tree, which on the liypothcsis 
is a strictly natural one, since it shows accurately the 
relationship of the various species to one another and to 
the parent stock. So that, on the theory of evolution, a 
natural classification of any given group of allied organisms 
is simply a genealogical tree, or as it is usually called, a 
pAylogeny. 

It must not be forgotten that the forms a, b, c, d, e, f, G, 
and H are purely hypothetical : their existence has been 
assumed in order to illustrate the doctrine of descent by a 
concrete example. The only way in which we could be 
perfectly sure of an absolutely natural classification of the 
species of Zoothanlnium would be by obtaining specimens 
as far back as the distant period when the genus first came 
into existence ; and this is out of the question, since minute 
soft-bodied organisms like these have no chance of being 
preserved in the fossil state. 

It will be seen that the theory of evolution has the 
advantage over that of creation of offering a reasonable 
explanation of certain facts. First of all the varying degrees 
of likeness and unlikeness of the species are explained by 
their having branched off from one another at various 
periods : for instance, the greater similarity of structure 
between Z. affine and Z. dichotomum than between either of 
them and any other species is due to these two species 
having a common ancestor in d, whereas to connect either 
of them, say with Z. arbuscula, we have to go back to b. 
Then again the fact that all the species, however complex in 
their fully developed state, begin life as a simple zooid which 
by repeated branching gradually attains the adult complexity, 
is a result of the repetition by each organism, in the course 
of its single life, of the series of changes passed through by 
its ancestors in the course of ages. In other words ontogeny, 
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HEREDITY AND VARIABILITV 

■olution of the individual, is, in its main features, a 
recapitulation al phytogeny or the evolution of the race. 

One other matter must be referred to in concluding the 
present lesson. It is obvious that the evolution of one 
species from another presupposes the occurrence of varia- 
tions in the ancestral form. As a matter of fact such 
individual variation is of universal occurrence : it is a matter 
of common observation that no two leaves, shells, or human 
beings are precisely alike, and in our type genus Zootham- 
nium the number of zooids, their precise arrangement, the 
details of branching, &c., are all variables. This may be 
expressed by saying that heredity, according to which the 
offspring tends to resemble the parent in essentials, is 
modified by variability, according to which the offspring 
tends to differ from the parent in details. If from any 
cause an individual variation is perpetuated there is produced 
what is known as a variety of the species, and, actording to 
the theory of the origin of species by evolution, such a 
variety may in course of time become a new species. Thus 
a variety is an incipient species, and a species is a (relatively) 
permanent variety. 

It does not come within the scope of the present work to 
discuss either the causes of variability or those which deter- 
the elevation of a variety to the rank of a species : 
both questions are far too complex to be adequately treated 
except at considerable length, and anything of the nature of 
a brief abstract could only be misleading. As a preliminary 
to the study of Darwin's Origin of Species, the student is 
recommended to read Romanes's Evidtmes of Organic 

'volution, in which the doctrine of Descent is expounded 
jias briefly as is consistent with clearness and accuracy. 
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FORAMINIFERA, RADIOLARIA, AND DIATOMS 

In the four previous lessons we have learnt how a uni- 
cellular organism may attain very considerable complexity 
by a process of differentiation of its protoplasm. In the 
present lesson we shall consider briefly certain forms of life 
in which, while the protoplasm of the unicellular body un- 
dergoes comparatively little differentiation, an extraordinary 
variety and complexity of form is produced by the develop- 
ment of a skeleton, either in the shape of a hardened cell- 
wall or by the formation of hard parts within the protoplasm 
itself. 

The name Foraniinifera is given to an extensive group of 
organisms which are very common in the sea, some living 
near the surface, others at various depths. They vary in 
size from a sand-grain to a shilling. They consist of variously- 
shaped masses of protoplasm, containing nuclei, and pro- 
duced into numerous pseudopods which are extremely long 
and delicate, and frequently unite with one another to form 
networks, as at x in Fig. 30. The cell-body of these 
organisms is therefore very simple, and may be compared 
to that of a multinucleate Amceba with fine radiating 
pseudopods. 



THE SHELL 

But what gives the Foraminifera their special character is 
the fact that around the protoplasm is developed a cell-wall, 
I membranous, but usually impregnated with cal- 
[ dum carbonate, and so forming a sAeii. In some cases, as 
n the genus Rotalia (Fig. 30), this is perforated by nume- 
ous small holes, through which the i>seudopods are pro- 
truded, in others it has only one large aperture (Fig, 31), 



Fig. 30. — A hving Foraminifer (Rotalia\ showing the fine radiating 
f pseudopods pasting through apertures in Ibe chambered shell ; at n 
several of them have united. (From Gegenbaur. ) 

through which the protoplasm protrudes, sending off its 
pseudopods and sometimes flowing over and covering the 
outer surface of the shell. Thus while in some cases the 
shell has just the relations of a cell-wall with one or more 
holes in it, in others it becomes an internal structure, being 
covered externally as well as filled internally by protoplasm. 
The mode of growth of Foraminifera is largely determined 
by the hard and non-distensible character of the cell-wall. 
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which when once formed is incapable of being enlarged. In 
the yobng condition they consist of a simple mass of proto- 
plasm covered by a more or less globular shell, having at 
least one aperture. But in most cases as the cetl-body 
grows, it protrudes through the aperture of the shell as a 
mass of protoplasm at first naked, but soon becoming 
covered by the secretion around it of a second compartment 
or chamber of the shell. The latter n 
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Fin. 3:. — A, diagrajn of a Foraminifer in which new chambers are 
added in a. siraight line : the smallest (irst-formed chamber is below, 
the newest and largest is above and communicates with the exterior. 

B, diagram of a Foraminifer in which the chambers are added in a 
flat spiral : the oldest and smallest chamber is in the centre, the newest 
and la[gesl as before communicates with the exterior. (From 
Carpenter. ) 



chambers communicating with one another by a small 
aperture, and one of them — ^the last formed — communi- 
cating with the exterior. This process may go on almost 
indefinitely, the successive chambers always remaining in 
communication by small apertures through which contintiity 
of the protoplasm is maintained, while the last formed 
chamber has a terminal aperture placing its protoplasm in 
free communication with the outer world. 




Fig. 32.— -Seeiion nf tint of tht mure com|jlica(td Furaiiiinifera 

IAveoliHa), showing the numerous chambers containing pro 
dotted), separated by parlilions of the shell (while), x 60. (Fro 
[ Gegenbaur after Cnrpcnter.) 

of firm are produced, ofti;n restnibling the shells of Mol- 
lusca, and sometimes attaining a marvellous degree of com- 
plexity (Fig. 32). The student should make a point of 
examining mounted slides of some of the principal genera 
I and of consulting the plates in Carpenter's Introduction to 
the Study of faraminifera (Ray Society, i86a), or in Brady's 
Report on the Foraminifera of the " ChalUngtr " ExfitditioHi 
in order to get some notion of the great amount of dif- 
ferentiation attained by the shells of these extremely simple 
organisms. 
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The Radiolaria form another group of marine animal- 
cules, the numerous genera of which are, like the Foram- 
inifera, amongst the most beautiful of microscopic objects. 
They also (Fig. 33) consist of a mass of protoplasm giving 
off numerous delicate pseudopods {psd) which usually have 
a radial direction and sometimes unite to form networks. 
In the centre of the protoplasmic cell-body one or more 
nuclei (nu) of unusual size and complex : 




Fig. 33. — Litkocircus anmdaris, one of ihe Radiolaria, showir^ 1 

central capsule {cint. caps. ), intra- and extra capsular protoplasm {int. I 

taps.pr., ext.eafs.pr.\ nucleus (»»), pseudopods (^1/), silicioua skeleton, ] 
(ikiVi, and symbEotic cells of Zooxanthells (t). (Afier Biitschli. ) 



In the interior of the protoplasm, surrounding the nucleus, 
is a sort of shell, called the central capsule {cent, caps.), 
formed of a membranous material, and perforated by pores 
which place the inclosed or intra-capsular protoplasm {tnl. 
caps, pr.) in communication with the surrounding or extra- 
capsular ^toto^lzsm {ext. caps.pr.). But besidesthis simple 
membranous shell there is often developed, mainly in the 
extra-capsular protoplasm, a skeleton {shl) formed in the 
majority of cases of pure silica, and often of surpassing 



beauty and complexity. One very exquisite form is shown 
in Fig- 34 '■ it consists of three perforated concentric spheres 
connected by radiating spicules : the material of which it is 
composed resembles the clearest glass. 

The student should examine mounted slides of the silicio us 
shells of these organisms — sold under the name of Fofy- 
tysHnea — and should consult the plates of Haeckel's Die 




Fig. 34.— Skeleton of a Radiolarian {Aelinamma), consisting of 
three concentric perforated spheres^the two outer partly broken away 
to show the inner — connected by radiating spicules. (From Gegenbaur 
mfter Haeckel. ) 

Radiolarien : he cannot fail to be struck with the complexity 
and variety attained by the skeletons of organisms which are 
[ themselves little more complex than Amcebse. 

Before leaving the Radiolaria, we must touch upon a 
matter of considerable interest connected with the physio- 
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logy of the group. Imbtddtd usually in tht- uxtra-capsular 
protoplasm are found certain little rounded bodies of a 
yellow colour, often known as " yellow cells " (Fig. 33, s). 
Each consists of protoplasm surrounded by a cell-wall of 
cellulose, and coloured by chlorophyll, with which is asso- 
ciated a yellow pigment of similar character called dialmniit. 

For a long time these bodies were a complete puzzle to 
biologists, but it has now been conclusively proved that they 
are independent organisms resembling the resting condition 
of H^matococcus, and called Zooxantkella iiutrtwla. 

Thus an ordinary Radiolarian, such as Lithocircus (Fig. 
33), consists of two ijuitc distinct things, the Lithocircus in 
the strict sense of the word plus large numbers of Zooxan- 
thellffi associated with it. The two organisms multiply quite 
independently of one another : indeed Zooxanthella has 
been observed to multiply by fission after the death of the 
associated Radiolarian. 

This living together of two organisms is known as Sym- 
biosis. It differs essentially from parasitism (see p. 121), in 
which one organism preys upon another, the host deriving 
no benefit but only harm from the presence of the parasite. 
In symbiosis, on the contrary, the two organisms are in a 
condition of mutually beneficial partnership. The carbon 
dioxide and nitrogenous waste given off by the Radiolarian 
serve as a constant food-supply to the Zooxanthella : at the 
same time the latter by decomposing the carbon dioxide 
provides the Radiolarian with a constant supply of oxygen, 
and at the same time with two important food-stuffs^ starch 
andproteids, which, after solution, diffuse from the protoplasm 
of the Zooxanthella into that of the Radiolarian. The 
Radiolarian may therefore be said to keep the Zooxanthellaa 
constantly manured, while the Zooxanthellte in return supply 
the Radiolarian with abundance of oxygen and ot ready- 
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digested food. It is as if a Ha^matacoccus ingested by an 
Araceba retained its vitality instead of being digested : it 
would under these circumstances make use of the carbon 
dioxide and nitrogenous waste formed as products of kata- 
bohsm by the Amceba, at the same time giving off oxygen 
and forming starch and proteids. The oxygen evolved would 
give an additional supply of this necessary gas to the Amceba, 
and the starch after conversion into sugar and the proteids 
after being rendered diifusible would in part diffuse through 
the cell-wall of the Hiematococcus into the surrounding 
protoplasm of the Amceba, to which they would be a 
valuable food. 

Thus, as it has been said, the relation between a Radio- 
larian and its associated yellow-cells are precisely those 
which obtain between the animal and vegetable kingdoms 
generally. 

The DiaiumaatE, or Diatoim, as they are often called for 
the sake of brevity, are a group of minute organisms, in- 
cluded under a very large number of genera and species, and 
so common that there is hardly a pond or stream in which 
they do not occur in millions. 

Diatoms vary almost indefinitely in form ; they may be rod- 
shaped, triangular, circular, and so on. Their essential 
structure is, however, very uniform : the cell-body contains a 
nucleus (Fig. 35, a, nu) and vacuoles {vac), as well as two 
large chromatophores {chr) of a brown or yellow colour : 
these are found to contain chlorophyll, the characteristic 
green tint of which is veiled, as in Zooxanthella, bydiatomin. 
The cell is motile, executing curious, slow, jerky or gliding 
movements, the cause of which is still obscure. 

The most interesting feature in the organization of diatoms 
s however the structure of the cell-wall : 




Fig. 35 — A sem d ^ammil c view of a dialom from ils Hal face, 
showing celi-wal! (f. w) and protoplasm wilh nncleus (««), Iwo vacuoles 
Ivae), and iwo chromatophores [cir), 

B, diagram of the shell of a diatdm from the aide, i.e., turned on its 
long axis at right angles to A, showing the two valves {i. w, t. w') with 
their overlapping girdles. 

D, surface view of the silicious shell of Ifavicula 
K, surface view of the silicious shell of Aulaeodisi 
(d, afier Donkin ; E, after Norman.) 



lid of a pill-box. The cell-wall is impregnated with silica, 
so that diatoms can be boiled in strong acid or exposed to 
the heat of a fiame without losing their form : the protoplasm 
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is of course destroyed, but the flinty cell-wall remains 
uninjured. 

Moreover, the cell-walls of diatoms are remarkable for the 
beauty and complexity of their markings, which are in some 
cases so delicate that even now microscopists are not agreed 
as to the precise interpretation of the appearances shown 
by the highest powers of the microscope. Two species are 
shown in Fig. 3S> d and e, but, in order to form some con- 
ception of the extraordinary variety in form and ornamenta- 
tion, specimens of the mounted cell-walls should be ex- 
amined and the plates of some illustrated work consulted. 
See especially Schmidt's Atlas fur Diatotnaceenkunde and 
the earlier volumes of the Quarterly Journal of Micro- 
scopical Science. 

We see then that while Diatoms are in their essential 
structure as simple as Haematococcus, they have the power 
of extracting silica from the surrounding water, and of 
forming from it structures which rival in beauty of form and 
intricacy of pattern the best work of the metal-worker or 
the ivory-carver. 



The five preceding lessons have shown us how conipTex a 
cell may become either by internal differentiation of its 
protoplasm, or by differentiation of its cell-wali. In this 
and the following lesson we shall see how a considerable 
degree of specialization may be attained by the elongation of 
cells into filaments. 

Mucor is the scientific name of the common white or grey 
mould which every one is familiar with in the form of a 
cottony deposit on damp organic substances, such as leather, 
bread, jam, &c. For examination it is readily obtained by 
placing a piece of damp bread or some fresh horse-dung 
under an inverted tumbler or bell-jar so as to prevent evapo- 
ration and consequent drying. In the course of two or 
three days a number of dehcate white filaments will be seen 
shooting out in all directions from the bread or manure ; these 
are filaments of Mucor. The species which grows on bread 
is called Mucor stolojiifer, that on horse-dung, M. mucedo. 

The general structure and mode of growth of the mould 
can be readily made out with the naked eye. It first 
appears, as already stated, in the form of very fine white 
threads projecting from the surface of them ouldy substance ; 
and these free filaments (Fig. 36, a, a. hy) can be easily 




Flo. i6.—Muc/!i: 

A, portion of mycelinm of M. mucedo (ny) with two aerial hyphiE 
{a. Ay), each ending in a sporangium (s/g). 

B, small portion of an aerial hyph*. highly niHgnified, showing pro- 
toplEism [plim) and cell-wall (r w). The scale above applies 10 this 
figure only. 

c', immaturE sporanginm, showing septum (le/) and undivided pro- 
toplasm ; c^, mature sporangium in which the protoplasm has divided 
into spores ; the septum (up) has become very convex distally, forming 
the columella. 

D", mature sporangium in the act of dehiscence, showing the spores 
(sfi) surrounded by mucilage i,g) ] O'', small portion of the same, mote 
highly magnified, showing spicules of calcium oxalate attached to wall. 

£, a columella, left by complete dehiscence of a sporangium, showing 
the attachment of (he latter as a black band. 

The scale above c'' applies to c' C*, T>\ and R, 
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g', g^, g', three stages in the germination of the spore-;. 
Ht a group of gennuiating spores forming a. afaall mycelium, 
i', — 1", five stages in conjugation, showing two gametes {gam] i 
to form the lygote (gy). 

k', K', development of ferment cells from submerged hyphs. 
[A, c' D, E, F, G, and K, after Howes ; I. after De Bary. ) 
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ascertained lo be connected with others (my) which form a 
network ramifying through the substance of the bread or 
horse-dung. This network is called a myctlium ; the threads 
of which it is composed are mycelial hypha ; and the fila- 
ments which grow out into the air and give the characteristic 
fluffy appearance Co the growth are aerial hyphiz. 

The aerial hyphte are somewhat thicker than those which 
form the mycelium, and are at first of even diameter through- 
out ; they continue to grow until they attain a length, in M. 
mucedo, of 6-8 cm. {two or three inches). As they grow 
their ends are seen to become dilated, so that each is termi- 
nated by a minute knob (a, spg) : this increases in size and 
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inated by a minute knob (a, spg) : this increases in size and ■ 
darkens in tint until it finally becomes dead black. In its H 
earlier stages the knobs may be touched gently without H 
injury, but when they have attained their full size the H 
slightest touch causes them to burst and apparently to dis- H 
appear— their actual fate being quite invisible to the naked S 
eye. As we shall see, the black knobs contain sports, and ^| 
are therefore called sporangia or spore-cases. ^H 

Examined under the microscope, a hypha is found to be ^H 
a delicate more or less branched tube, with a clear trans- 
parent wall (b, c. w) and slightly granular contents {plsm) -. 
its free end tapers slightly (h), and the wall is somewhat 
thinner at the extremity than elsewhere. If a single hypha 
could be obtained whole and unbroken, its opposite end 
would be found to have much the same structure, and each 
of its branches would also be seen to end in the same way. 



ASEXUAL REPRODUCTION 

I So that the mould consists of an interlacement of branched 
' cylindrical filaments, each consisting of a granular substance 
completely covered by a kind of thin skin of some clear 
transparent material. 

By the employment of the usual reagents, it can be ascer- 
tained that the granular substance is protoplasm, and the 
I surrounding membrane cellulose. The protoplasm moreover 
I contains vacuoles at irregular intervals and numerous small 

Thus a hypha of Mucor consists of precisely the same 

I constituents as a yeast-cell^protoplasm, containing nuclei 

I and vacuoles, surrounded by cellulose. Imagine a yeast 

i «:ell to be pulled out — as one might pull out a sphere of clay 

J.or putty — until it assumed the form of a long narrow cylin- 

and suppose it also to be pulled out laterally at intervals 

s to form branches : there would be produced by such a 

P process a very good imitation of a hypha of Mucor. We 

may therefore look upon a hypha as an elongated and 

branched cell, so that Mucor is, like Opalina, a multinucleate 

but unicellular organism. We shall see directly however 

that this is strictly true of the mould only in its young state. 

As stated above, the aerial hyjihte are at first of even 

calibre, but gradually swell at their ends, forming sporangia. 

^ Under the microscope the distal end of an aerial hypha is 
found to dilate (Fig. 36, c^) : immediately below the dilata- 
tion the protoplasm divides at right angles to the long axis- 
of the hypha, the protoplasm in the dilated portion thus 
becoming separated from the rest. Between the two a 
cellulose partition or septum {sep) is formed, as in the ordi- 
I nary division of a plant cell (Fig. 11, p. 66). The portion 
thus separated is the rudiment of a sporangium. 

Let us consider precisely what this process implies. Before 
t lakes place the protoplasm is continuous throughout ihe 
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whole organism, which is therefore compaiable to the un- 
divided plant-cell shown in Fig. 9, b. As in that case, the 
protoplasm divides into two and a new layer of cellulose is 
formed between the daughter- ceils. Only whereas in the 
ordinary vegetable cell the products of division are of equal 
size (Fig 10, i), in Mucor they are very unequal, one being 
the comparatively small sporangium, the other the rest of 
the hypha. 

Thus a Mucor-plant with a single aerial hypha becomes, 
by the formation of a sporangium, Mcellular : if, as is ordi- 
narily the case, it bears numerous aerial hyphas, each with 
its sporangium, it is multiceiiular. 

Uiider unfavourable conditions of nutririon, septa fre- 
quently appear at more or less irregular intervals in the 
mycelial hyphse : the organism is then very obviously multi- 
cellular, being formed of numerous cylindrical cells arranged 
end to end. 

The sporangium continues to grow, and as it does so, the 
septum becomes more and more convex upwards, finally 
taking the form of a short, club-shaped projection, the colu- 
mella, extending into the interior of the sporangium (c*) : at 
the same time the protoplasm of the sporangium under- 
goes multiple fission, becoming divided into numerous ovoid 
masses each of which surrounds itself with a cellulose coat 
and becomes a sfiore (d^, d-, sp). A certain amount of the 
protoplasm remains unused in the formation of spores, and 
is converted into a gelatinous material {g), which swells up 
in water. 

The original cell-wall of the sporangium is left as an 
exceedingly delicate, brittle shell around the spores : mu 
needle-like crystals of calcium oxalate are deposited i; 
and give it the appearance of being closely coveted ■ 
short cilia (d«). 
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^'v GiaiMiXATlOX OF SPORES 

In the ripe sporangium the slightest touch suffices to 
rupture the brittle wall and liberate the spores, which arc 
dispersed by the swelling of the transparent intermediate 
substance. The aerial hypha is then left terminated by the 
columella (e), around the base of which is seen a narrow 
black ring indic;iting the place of attachment of the 
sporangium. 

The spores (f) are clear, bright- looking, ovoidal bodies 
consLstinti of protoplasm containing a nucleus and sur- 




FlG. 37.— MoLst chamber funned by ctmeiiling a ring of glass or 
letal (c) on an ordinary glass slide (A), and placing over i[ a covcrsli|i 
n the under side of which is a hanging drop of niilrienl fluid (i*). 
: upper figure shows Ihe appamliis in in-Riieclive, ihc lower in 
'-'-etion. tFromKMn.) 



mded by a thick cell-wall. A spmre is therefore an 
iOrdinary encysted cell, quite comparable to a yeast-celL 
The development of the spores is a very instructive process, 
f and can be easily studied in the following way : A glass or 
I metal ring (Fig. 37, c) is cemented to an ordinary microscopic 
I slide (a) so as to form a shallow cylindrical chamber. The 
I top of the ring is oiled, and on it is placed a cover glass (b), 
f with a drop of Pasteur's solution on its under surface. 
I Before placing the cover-glass in position a ripe sporangium 
jif Mucor is touched with the point nf a needle, which is 




then siiired riiiind in the drop of Pasteur's solution, so as to 
sow it with spores. By this method the drop of nutrient 
fluid is prevented from evaporating, and the changes under- 
gone by the spores can be watched by examination from time 
to time under a high power. 

The first thing that happens to a spore under these con- 
ditions is that it increases in size by imbibition of fluid, and 
instead of appearing bright and clear becomes granular and 
develops one or more vacuoles. Its resemblance to a 
yeast-cell is now more striking than ever. Next the spore 
becomesbulged out in one or more places (c^, Fig. 36), looking 
not unlike a budding Saccharomyces. The buds, however, 
instead of becoming detached increase in length until they 
become filaments of a diameter slightly less than that of the 
sjwre and somewhat bluntly pointed at the end (n^). These 
filaments continue to grow, giving off as they do so side 
branches (c^) which interlace with similar threads from 
adjacent spores (h)i The filaments are obviously hyphie, 
and the interlacement is a mycelium. 

Thus the statement made in a previous paragraph (p. 161), 
that Mucor was comparable to a yeast -cell pulled out into a 
filament, is seen to be fully justified by the facts of develop- 
ment, which show that the branched hyphre constituting the 
Mucor-plant are formed by the growth of spores each strictly 
comparable to a single Saccharomyces. 

It will be noticed that the growth of the mycelium is cen- 
trifugal : each spore or grou]) of spores serves as a centre 
from which hyphte radiate in all directions (h), continuing 
to grow in a radial direction until, in place of one or more 
spores quite invisible to the naked eye, we have a white 
])atch more or less circular in outline, and having the spores 
from which the growth proceeded in its centre. Owing to 
the centrifugal mode of growth the mycelium is always 
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thicker al the centre than towards the circumference, since 
it is the older or more central portions of the hyphas which 
have had most time to branch and become interlaced with 
one another. 



Under certain circumstances a peculiar process of con- 
jugation occurs in Mucor Two adjacent hyph-e send out 
short branches (Fig 36 i^) which come into contact w ih 
one another b> their somewhat swollen frte ends (i") In 
each a septum appears so as to shut off 1 separate terminal 
cell {i^i S''-"') from the rest of the lijpha The opposed 
walls of the two cells then become absorbed (i*) and their 
contents mingle form ng a single rai^s ot protoplasm 
(i**, syg), the cell wall of which becomes, greatly thickened 
and dividtd nto two layers an inner del cate and trans 
parent, and in outer dark n colour of considerable thick 
ness, and frequently ornamented with spines 
Obviously the swollen ttrminal cells {gam) of the short 
I lateral hjph'^ ire gametes or conjugating bodies and the 
large spore like structure {z\g) resulting from their union 
I is a zygote. The striking feiture of the process ib that the 
L gametes ire non motile save n so far as their growth 
■ towards one another s i mode of motion In Heteromita 
both gametes are active and free-swimming (p. 41) ; in 
Vorticella one is free-swimming, the other fixed hut still 
capable of active movement (p. 13a) ; here both conjugating 
bodies exhibit only the slow movement in one direction due 
r to growth. 

There are eijiially important differences in the result of 
ft the process in the three cases. In Heteromita the proto- 
\ plasm of the zygote breaks up almost immediately into 
I spores; in Vorticella the zygote is active, and the result of 
[ conjugation is merely increased activity in feeding and (issive 



mu] Li plication ; in Wucor Lhe zygote remains inactive for a 
longer or shorter lime, and ihen under favourable conditions 
germinates in much the same way as an ordinary spore, 
forming a mycelium from which sporangium-bearing aerial 
hyphffi arise. A resting zygote of this kind, formed by the 
conjugation of equal-sized gametes, is often distinguished as 
a zygospore. 

Notice that differentiation of a very important kind is 
exhibited by Miicor. In accordance with its comparatively 
large size the function of reproduction is not performed by 
the whole organism, as in all previously studied t3T)eB, but a 
certain portion of the protoplasm becomes shut off from the 
rest, and to it — as spore or gamete — the office of reproduc 
ing the entire organism is assigned. So that we have for 
the first time true reproductive organs, which may be of two 
kinds, asexual— the sporangia, and sexual — the gametes.^ 

In describing the reproduction of Amceba it was pointed 
out (p. zo) thai as lhe entire organism divided into two 
daughter-cells, each of which began an independent life, an 
Amceba could not be said ever to die a natural death. The 
same thing is true of the other unicellular forms we have 
considered in the majority of which the entire organism 
produces by simple fission two new individuals.- But in 
Mucor the state of things is entirely altered. A compara, 

^ III Mutor nu dislmtlion can bt drawn bttwccn the coiijujjaliug 
body (gamete) and the organ which produces it (gonad). See the de- 
scription of the sejcual process in Vaucheria (Lesson XVI,) and in 
Spirogyra (Lesson XIX.). 

" An exception is formed hy colonial forms such as Zoolhanroinm, in 
which life is cairied on from generation to generalion liy the reproduc- 
tive zooids only. In all probability the colony itself, tike an annual 
plant, dies down after a longer or shorter time. Moreover the ciliate 
infusoria are found, as already stated (p. Il6), lo sink into decrepitude I 
after multiplying by fission for a long series of generations, I 
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(ively small part of the organism is set apart for repro' 
duction, and it is only the reproductive cells thus formed — 
spores or zygote— which carry on the life of the species 
the remainder of the organism, having exhausted the 
available food supply and produced the largest possible 
number of reproductive products, dies. That is, all vital 
manifestations such as nutrition cease, and decomposition 
sets in, the protoplasm becoming converted into pro- 
gressively simpler compounds, the final stages being chiefly 
carbon dioxide, water, and ammonia. 

Mucor is able to grow either in Pasteur's or in some 
similar nutrient solution, or on various organic matters such 
as bread, jam, manure, &c. In the latter cases it appears to 
perform some fermentative action, since food which has 
become " mouldy " is found to have experienced a definite 

I change in ajipearance and flavour without actual putre- 
faction. When growing on decomjKising organic matter, as 

I it often does, the nutrition of Mucor is saprophytic, but in 

I some instances, as when it grows on bread, it seems to 
approach very closely to the holozoic method. M. stolo- 

I nifer is also known to send its hyph^ into the interior of 

' ripe fruits, causing them to rot, and thus acting as a para- 
The parasitism in this case is, however, obviously not 

I quite the same thing as that of Opalina (p. 121) : the Mucor 
feeds not upon the ready digested food of its host but upon 

I its actual living substance, which it digests by the action of 
)wn ferments. Thus a parasitic fungus such as Mucor, 

, unlike an en do -parasitic animal such as Opalina or a tape- 
worm, is no more exempted from the work of digestion 
than a dog or a sheep : the organism upon which it lives 
is to be looked upon rather as its prey than as its host. 

t is a remarkable circumstance that, under certain con- 
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ditions, Mucor is capable of exciting alcoholic fermentation 
in a saccharine solution. When the hyphse are submerged 
in such a fluid they have been found to break up, forming 
rounded cells (Fig. 36, k^k^), which not only resemble 
yeast-cells in appearance but are able like them to set up 
alcoholic fermentation. 

The aerial hyphae of Mucor exhibit in an interesting way 
what is known as heliotropism, i,e,^ a tendency to turn to- 
wards the light. This is very marked if a growth of the 
fungus is placed in a room lighted from one side : the long 
aerial hyphae all bend towards the window. This is due to 
the fact that growth is more rapid on the side of each hypha 
turned away from the light than on the more strongly 
illuminated aspect. 



VAUCHERIA AND CAULERPA 



I' jjoiids, puddles, and other pieces of still, fresli 
iwater usually contain a quantity of green scum which in the 
I undisturbed condition shows no distinction of parts to the 
I naked eye, but appears like a homogeneous slime full of 
I bubbles if exposed to sunlight. If a little of the scum 
I is spread out in a saucer of water, it is seen to be com- 
i posed of great numbers of loosely interwoven green 
I filaments. 

There are many organisms whicli have this general naked- 
I eye character, all of them belonging to the Aiga, a group 
I of plants which includes most of the smaller fresh-water 
weeds, and the vast majority of sea-weeds. One of these 
filamentous Algte, occurring in the form of dark-green, 
thickly-matted threads, is called Vaucheria. Besides occur- 
ring in water it is often found on the surface of moist soil, 
e.g., on the pots in conservatories. 

Examined microscopically the organism is foimd to consist 

of cylindrical filaments with rounded ends and occasionally 

branched (Fig. 38, a). Each filament has an outer cover- 

I'ing of cellulose (i!, c.w) within which is protoplasm con- 

I taining a vacuole so large that the protoplasm has ihi.- 
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, langled filaments of the living plant shouiiig mude i bra iihing. 

1), exlremily of a filament, showing cell-wnil (c, w) and protoplasm 
with chromatophores (tir), and oil-drops (a). The scale above applies 
la this figure only. 

c', immature sporangium (sfig) separated from the filament by a sep- 
tum ; c', mature sporangium with the spore (r/) in the act of escaping ; 
C^, fice-sviimming spore, showing cilia, colouiless ectoplasm conlaining 



', cariy, and d", later slages iti the devclopiueni of the gonads, the 
s]iermary to the left, the ovary to the right ; d', the fiilly-formcd 
apermuy (sfiy) and ovary {ovy), each separated by a icptum (lep) from 
the filament. 

D*, the ovary aHer dehiscence, showing the ovum {iw), with small 
detached portion of protoplasm ; v", sperms ; d", distal end of ripe 
ovary, showing sperms (j/) passing through the aperture towards the 

c^, the gonads after fertilization, showing the oosperm {Bifi] slill 
inclosed in the ovary and the dehisced spermary. 

e', ooBperm .ibout to germinate- e", further stage in germination. 
i (c' and c', after Strasburgcr ; c' and c*, after Sachs ; D and t, after 
1 Fringshcim. ) 

T character of a membrane lining the cellulose coal, 
I Numerous small nuclei occur in the protoplasm, as well as 
i .oil-globules (a), and small, close-set, ovoid chromatojjhores 
I {c/ir) coloured with chlorophyll and containing starch. 
I Thus a Vaucheria-plant, like a Mucor-plant, is comparable 
rto a single multinucleate cell, extended in one dimension of 
[■ space so as to take on the form of a filament. 
I Various modes of asexual reproduction occur in difierent 
|- species of Vaucheria : of these we need only consider that 
w which obtains in V. sessili's. In this sjiecies the end of a 
I branch swells up (c') and becomes divided off by a septum 
k («/), forming a sporangium (spg) in principle like that of 
I Mucor, but differing in shape. The protoplasm of the 
I sporangium does not divide but separates itself from the 
I 'Wall, and takes on the form of a single naked ovoidal spore 
I (c^), formed of a colourless cortical layer containing nume- 
I reus nuclei and giving off cilia arranged in pairs, and of an 
[ inner or medullary substance containing numerous chroma- 
■ tophores. 

I The wall of the sporangium splits at its distal end (c^), 
Jiind the contained spore (j/) escapes and swims freely in the 
r water for some time by the vibration of its cilia (c^). After 



a short active life it comes to rest, develops a cell-wall, and I 
germinates (c*), i.e., gives out one or more processes which 
extend and take on the form of ordinary Vaucheria-filaments, 
so that in the present case, as in Mucor (p. 164), the de- 
velopment of the plant shows it to be a single immensely 
elongated multinucleate cell. 



In its mode of sexual reproduction Vaucheria differs 
strikingly not only from Mucor, but from all the organisms 
we have hitherto studied. 

The filaments are often found to bear small lateral pro. 
cesses arranged in pairs (d'), and each consisting of a tittle 
bud growing from the filament and quite continuous with it. 
These are the rudiments of the sexual reproductive organs 
OT gonads. The shorter of the two becomes swollen and 
rounded (d-), and afterwards bluntly pointed (D^ ovy) : its 
protoplasm becomes divided from that of the filament, and 
a septum (n\ sep') is formed between the two ; the new cell 
thus constituted is the ovaiy^ The longer of the two buds 
undergoes further elongation and becomes bent upon itself 
(d^), its distal portion is then divided off by a septum (d^ 
up) forming a separate cell {spy), the spermary.- 

Further changes take place which are quite different in 
the two organs. At the bluntly-pointed distal end of the 
ovary the cell-wall becomes gelatinized and the protoplasm 
protrudes through it as a small prominence which divides 
off and is lost (d'). The remainder of the protoplasm then 
separates from the wall of the ovary and becomes a naked 
cell, the ovitiifi or egg-cell {d*, ov), which, by the gelatiniza. 
tion and subsequent disappearance of a portion of the 

I Ubiially callciilltou.'Ai'/fi'«'«. 
'- l!*ually isilleil the anlheriiliii'ii. 
'* I'Vcquenlly calleii iwiyi/'i'i. 



SEXUAL KEPRODUCTION 
I wall of the ovary, is in free contact with the surrounding 

At the same time the protoplasm of the spermary under- 
E-goes multiple fission, hecoming converted into numerous 
1 minute green bodies (d*), each with two flagella, called 
I sperms.^ These are liberated by the rupture of the spermar)' 
1 (d") at its distal end, and swim freely in the water. 

Some of the sperms make their way to an ovary, and, as 
|r it has been expressed, seem to grope about for the aperture, 
which they finally pass through (d*), and are then seen 
L moving actively in the space between the aperture and the 
t colourless distal end of the ovum. One of them, and pro- 
1 bably only one, then attaches itself to the ovum and be- 
I comes completely united with it, forming the oosperm,^ a 
I body which we must carefully distinguish from the ovum, 
I since, while agreeing with the latter in form and size, it 
I differe in having incorporated with it the substance of a 
I sperm. 

Almost immediately the oosperm (d', osp) surrounds itself 
I with a cellulose wall, and numerous oil-globules are formed 
irior. It becomes detached from the ovary, and, 
I after a period of rest, germinates (e', e') and forms a new 
IVaucheria plant. ■ 

It is obvious that the fusion of the sperm with the ovum 
lis a process of conjugation in which the conjugating bodies 
f differ strikingly in form and size, one— the megagamete or 
Vovum — being large, stationary, and more or less amceboid ; 
■ the other — the microgamete or sperm^small, active, and 
I flagellate. In other words, we have a more obvious case of 
■■«exual differentiation than was found to occur in Vorticella, 
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(\i. 1^1) : the large inactive egg-cell which furnishes by far 
the jffeatcr jiortion o( the material of the oosperm is the 
fvmali: ;janic'te ; the small active sperm-cell, the function of 
which iH probably (see Lesson XXIV.) to furnish additional 
nuclear material, is the male gamete. 

Similarly the oosperm is evidently a zygote, but a zygote 
formed by the union of the highly differentiated gametes. 




Fn;. 39,— C<i«*r/o scaltiUifo 
like, nml-liki-, nmi leaf-like jjoiiions 

ovum and si«.Tni, just as a zygosixire (p. 164) is one formed 
by the union of equal sized gametes. 

As wtf shall see, this form of conjugation — often distin 
jtiiishcd as /er/t/isatiiiH—occ\ns in a large proportion ol 
lU>\verIcss plants, such as mosses and ferns (Lessons XXVIII, 
and XXlX.l, as well as in all animals but the very lowest. 
Kroni lowly water-weeds up to ferns and club mosses, and 
from spoujses and iwlyjies up to man, the process of sexual 
tvptrnluction is essentially the same, consisting in the conju- 
jjation of a niioroj;anieie or si>enii with a megagamete or 
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, a zygote, the oospenn or uaicellular embrj'O, being 
iced, which afterwards develops into an independent 
plant or animal of the new generation. It is a truly remark- 
able circumstance that what we may consider as the highest 
form of the sexual process should inake its appearance so 
low down in the scale of life. 



The nutrition of Vaucheria is purely holophytic ; its food 
L consists of a watery solution of mineral salts and of carbon 
I dioxide, the latter being split up, by the action of the chro- 
latophores, into carbon and oxygen. 

Mucor and Vaucheria are examples of unicellular plants 

which attain some complexity by elongation and branching. 

I The maximum differentiation attainable in this way by a 

I unicellular plant may be illustrated by a brief description of 

I a sea-weed belonging to the genus CauUrfa. 

Caulerpa (Fig. 39) is commonly found in rock-pools 

I between tide-marks, and has the form of a creeping stem 

p from which root-like fibres are given off downwards and 

branched leaf like organs upwards. These "leaves" may 

attain a length of 30 cm. (i ft.) or more. So that, on a 

superficial examination, Caulerpa appears to be as complex 

\ an organism as a moss (compare Fig. 39 with Fig. 82, a). 

I But microscopical examination shows that the plant consists 

I of a single continuous mass of vacuolated protoplasm, 

containing numerous nuclei and green chromatopliores and 

covered by a continuous cell-wall. Large and complicated 

in form as it is, the whole plant is therefore nothing more 

than a single branched cell, or, as it may be expressed, a 

continuous- mass of protoplasm in which no cellular structure 

has appeared. 



■rilE DISTINCTIVE CHARACTERS OF ANIMALS AND PLANTS 



Hitherto the words " animal " and " plant " have been 
either avoided altogether or used incidentally without any 
attempt at definition. We are now however in a position to 
consider in some detail the precise meaning of the two words, 
since in the last half-dozen lessons we have been dealing 
with several organisms which can be assigned without hesi- 
tation to one or other of the two great groups of living things. 
No one would dream of calling Paramcecium and Stylonychia 
plants, or Mucor and Vaucheria animals, and wc may there- 
fore use these forms as a starting-point in an attempt to form 
a clear conception of what the names ^/a«/ and nw/yna/ really I 
signify, and how far it is possible to place the lowly organisms ' 
described in the earlier lessons in either the vegetable or the I 
animal kingdom. 

Let OS consider, first of all, the chief points of resemblance I 
and of difference between theindubitable animal Paramcecium 
on the one hand, and the two indubitable plants Mucor and 
Vaucheria on the other. 

In the first place, the essential constituents of all three ' 
organisms is protoplasm, in which are contained one or more ' 
nuclei. But in Paramcecium the protoplasm is invested j 
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only by a delicate cuticle inteiTUptLiil at the mouth and anus, 
while in Mucor and Vaucheria the outer layer is formed by 
a iimi, continuous covering of cellulose. 

We thus have as the first morphological difference between 
our selected animal and vegetable organisms the absence ol 
a cellulose cell-wall in the former and its presence ii 
latter. This is a fundamental distinction, and applies 
equally well to the higher forms. The constituent cells 
plants are in nearly all cases covered with a cellulose ci 
(p. 60), while there is no case among the higher animals 
cells being so invested. 

Next, let us lake a physiological character. In all three 
I- organisms there is constant waste of substance which has to 
L be made good by the conversion of food material into proto- 
I plasm : in other words, constructive and destructive meta- 
■■botism are continually being carried on. But when we come 
Ito the nature of the food and the mode of its reception, we 
f meet at once with a very fundamental difference. In Para- 
n the food consists of living' organisms taken whole 
finto the interior of the body, and the digestion of this solid 

■ proteinaceous food is the necessary prelude to constructive 
Itnetabohsm. In Vaucheria the food consists of a watery 

■ solution of carbon dioxide and mineral salts — i.e., it is hcjuid 

■ and inorganic, its nitrogen being in the form of nitrates or 
tcf simple ammonia compounds. Mucor, like Paramcecium, 
■■contains no chlorophyll, and is therefore unable to use 
■■carbon dioxide as a food: like Vaucheria, it is prevented 
■tiy its continuous cellulose investment from ingesting solid 

lod, and is dependent upon an aqueous solution. It takes 
s carbon in the form of sugar or some such compound, 

■ while it can make use of nitrogen either in the simple form 

■ of a nitrate or an ammonia salt, or in the complex form of 
Iproteids or peptones. 
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In this case also our selected organisms agree with animals 
and planls generally. Animals, with the exception of some 
internal parasites, ingest solid food, and they must all have 
their nitrogen supplied in the form of proteids, being unable 
to build up their protoplasm from simpler compounds. 
Plants take their food in the form of a watery solution ; 
those which possess chlorophyll take their carbon in the 
form of carbon dioxide and their nitrogen in that of a nitrate 
or ammonia salt : those devoid of chlorophyll cannot, ex- 
cept in the case of some bacteria, make use of carbon 
dioxide as a food, and are able to obtain nitrogen either 
from simple salts or from proleids. Chlorophylt-less plants 
are therefore nourished partly like green plants, partly like 
animals. 

This difference in the character of the food is connected 
with a morphological difference. Animals have, as a 
rule, an ingestive aperture or mouth, and some kind of 
digestive cavity, either permanent (stomach) or temporary 
(food-vacuole). In plants neither of these structures 
exists. 

Another difference which was referred to at length in an 
early lesson (p. 32), is not strictly one between plants and 
animals, but between organisms with and organisms without 
chlorophyll. It is that in green plants the nutritive jirocesses 
result in deoxidation, more oxygen being given out than is 
taken in ; while in animals and not-green plants the precise 
contrary is the case. 

There is also a difference in the method of excretion. In 
ParamoEcium there is a special structure, the contractile 
vacuole, which collects the suiierfluous water taken in with 
the food and ex]>els it, doubtless along with nitrogenous and 
other waste matters. In VaucJieria and Mucor there is no 
contractile vacuole, and excretion is simply performed by 
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diffusion from the general surface of the organism into the 
surrounding medium. 

This character also is of some general importance. The 
large majority of animals possess a special organ of excretion, 
plants have nothing of the kind. 

Another difference has to do with the general form of the 
organism. Paramcecium has a certain definite and constant 
shape, and when once formed produces no new parts. 
Vaucheria and Mucor are constantly forming new branches, 
so that their shape is always changing and their growth can 
never be said to be complete. 

Finally, we have what is perhaps the most obvious and 
striking distinction of all. Paramoecium possesses in a con- 
' spicuous degree the power of automatic movement ; in both 
Mucor and Vaucheria the organism, as a whole, exhibits no 
automatism but only the slow movements of growth. The 
spores and sperms of Vaucheria are, however, actively 
motile. 



Thus, taking Paramcecium as a type of animals, and 
Mucor and Vaucheria as types of plants, we may frame the 
following definitions ; — 

Animals are organisms of fised and definite form, in which 
the cell-body is not covered with a cellulose wall. They 
ingest solid proteinaceous food, their nutritive processes 
result in oxidation, they have a definite organ of excretion, 
and are capable of automatic movement. 

Plants are organisms of constantly varying form in which 
the cell-body is surrounded by a cellulose wail ; they cannot 
ingest solid food, but are nourished by a watery solution of 
nutrient materials. If chlorophyll is present the carbon 
dioxide of the air serves as a source of carbon, nitrogen is 
obtained from simple salts, and the nutritive processes 
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result in deoxidation ; if chlorophyll is absent carbon is 
obtained from sugar or some similar compound, nitrogen 
either from simple salts or from proteids, and the process of 
nutrition is one of oxidation. There is no special excretory 
organ, and, except in the case of certain reproductive bodies, 
there is usually no locomotion. 

Let us now apply these definitions to the siinijle foniis 
described in the first eight lessons, and see how far they 
will help us in jilacing those organism in one or other of the 
two " kingdoms " into which living things are divided. 

Amceba has a cell-wall, probably nitrogenous, in the 
resting condition : it ingests solid proteids, its nutrition being 
therefore holozoic : it has a contractile vacuole : an 
performs amosboid movements. It may therefore be safely | 
considered as an animal. 

Haematococcus has a cellulose wall : it contains chloro- | 
phyll and its nutrition is purely holophytic ; a contractile 
vacuole is present in H. lacustris biit absent in H. pluvial 
and its movements are ciliary. 

Euglena has a cellulose wall in the encysted slate : 
virtue of its chlorophyll it is nourished by the absorption 
carbon dioxide and mineral salts, but it can also ingest solid I 
food through a special mouth and gullet : it has a contractile ] 
vacuole, and performs both euglenoid and ciliary move- 
ments. 

In both these organisms we evidently have conflicting 
characters : the cellulose wall and holophytic nutrition 
would place them both among plants, while from the con- 
tractile vacuole and active movements of both genera and 
from the holozoic nutrition of Euglena we should group I 
them with animals. That the difficulty is by no means J 
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Beasily overcome may be seen from tlie fact that both genera 
I are claimed at the present day both by zoologists and by 
botanists. For instance, Prof. Hu.xley considers Hasma- 
tococcus as a plant, and expresses doubts about Euglena ; 
Mr. Saviile Kent ranks HEematococcus as a plant and 
Euglena as an animal ; Prof. Sachs and Mr. Thiselton 
Dyer place both genera in the vegetable kingdom ; while 
Profs. Ray Lankester and Butschli group them both among 
[ .animals. 

In Heteroniita the only cell-wall is the delicate cuticle 

I which in the zygote is firm enough to hold the spores up to 

the moment of their escape ; food is taken exclusively by 

absorption and nutrition is wholly saprophytic : there is a 

contractile vacuole, and the movements are ciliary. 

Here again the characters are conflicting : the probable 
I absence of cellulose, the contractile vacuole and the cilia 
r all have an " animal " look, but the mode of nutrition is 
(diat of a fungus. 

InProtomyxa there is a decided preponderance of animal 
I characteristics^ingestion or living prey, and both amoeboid 
land ciliary movements. There is no chlorophyll, and the 
L'Composition of the cell-wall is not known. 

In the Myceto^oa, the life-history of which so closely 

resembles that of Protomyxa, the cyst in the resting stage 

consists of cellulose, and so does the cell-wall of the spore : 

nutrition is holozoic, a contractile vacuole is present in the 

flagellulce, and both amceboid and ciliary movements are 

performed. Here again we have a puzzling combination of 

animal and vegetable characters, and as a consequence we 

Lfind these organisms included among plants — under the 

■ name of Myxomycetu or "slime-fungi "—by Sachs and 

iGoebel, while De Bary, Biitsrhli, and Ray Lankester place 

[ them in the animal kinndom. 
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In Saccharomyces there is a clear preponderance of 
vegetable characters. The cell-wall consists of cellulose, 
nutrition takes place by absorption and proteids are not essen- 
tial, there is no contractile vacuole, and no motile phase. 

Lastly, in the Bacteria the cell-wall is composed of cellu- 
lose, nutrition is usually saprophytic, there is no contractile 
vacuole, and the movements are ciliary. So that in all the 
characters named, save in the presence of cellulose and the 
absence of a contractile vacuole, the Bacteria agree with 
Heteromita, yet they are universally— except by Prof Claus 
— placed among plants, while Heteromita is as constantly 
included among animals. 

We see then that while it is quite easy to divide the higher 
organisms into the two distinct groups of plants and animals, 
any such separation is by no means easy in the case of the 
lowest forms of life. It was in recognition of this fact that 
Haeckel proposed, many years ago, to institute a third 
" kingdom," called I'rotisla, to include all unicellular organ- 
isms. Although open to many objections in practice, there 
is a great deal to be said for the proposal. From the strictly 
scientific point of view it is quite as justifiable to make three 
subdivisions of living things as two : the line between animals 
and plants is quite as arbitrary as that between protists and 
plants or between protists and animals, and no more so : the 
chief objection to the change is that it doubles the dilBculties 
by making two artificial boundaries instead of one. 

The important point for the student lo recognize is that 
these boundaries are artificial, and that there are no scientific 
frontiers in Nature. As in the liquefaction of gases there is 
a " critical point " at which the substance under experiment 
is neither gaseous nor liquid : as in a mountainous country 
it is impossible lo say where mountain ends and valley 
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begins : as in the development of an animal it is futile to 

I argue about the esact period when, for instance, the egg 
becomes a tadpole or the tadpole a frog ; so in the case 
under discussion. The distinction between the higher 
plants and animals is perfectly sharp and obvious, but when 
the two groups are traced downwards they are found 
gradually to merge, as it were, into an assemblage of organ- 
isms which partake of the characters of both kingdoms, and 
cannot without a certain violence be either included in or 
excluded from either. Where any given " protist " has to 
be classified the case must be decided on its individual 
merits: the organism must be compared in detail with all 
those which resemble it closely in structure, physiology, and 
life-history : and then a balance must be struck and the 

' doubtful form placed in the kingdom with which it has, 

I on the whole, most points in common. 

It will no doubt occur to the reader that, on the theory of 

I evolution, wc may account for the fact of the animal and 
vegetable kingdoms being related to one another like two 

I trees united at the root, by the hypothesis that the earliest 
organisms were protists, and that from them animals and 
plants were evolved along divergent lines of descent. And 
in this connection the fact that some bacteria — the siniplest 
organisms known and devoid of chlorophyll - may flourish 
in solutions wholly devoid of organic matter, is very 
significant. 
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One of the commonest and most familiar of the lower 
organisms is the " green mould " which so quickly covers 
with a thick sage-green growth any organic substances ex- 
posed to damp, such as paste, jam, cheese, leather, S:c. 
This mould is a plant belonging, like Mucor, to the group 
of Fungi, and is called PtniHlHum glaucum. 

Examined with the naked eye a growth of Peniciliiiim is 
seen to have a powdery appearance, Ki\A if the finger Is 
passed over it a quantity of extremely fine dust of a sage- 
green colour comes away. This dust consists, as we shall 
see, of the spores of PeniclUium, The best way to study 
the plant is to sow some of the spores in a saucer of 
Pasteur's solution by ■ drawing a needle or brush over a 
growth of the mould and stirring it round in the fluid. 

It is as well to study the naked-eye appearances first. If 
the quantity of spores taken is not loo large and they are 
sufficiently well diffused through the fluid, little or no trace 
of them will lie apparent to the naked eye. After a few 
days, however, extremely small white dots appear on the 
surface of the fluid ; these increase in size and are seen, 
especially by the aid of a hand-magnifier, to consist of little 
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I discs, circular or nearly so in outline, and distinctly thicker 
' in the centre than towards the edge : they float on the fluid 
. so that their u])per surfaces are dry. Each of these patches 
I is a young Penicilhuiii-growth, formed, as will be seen 
' hereafter, by the germination of a group of spores. 
I As the growths are examined day by day they are found 
; to increase steadily in size, and as they do so to become 
thicker and thicker in the middle : their growth is evidently 
centrifugal. The thicker central portion acquires a fluffy 
appearance, and, by the time the growth has attained a 
diameter of about 4 or s mm., a further conspicuous change 
I takes place : the centre of the patch acquires a pale blue 
I tint, the circumference still remaining pure white. When 
f the diameter has increased to about 6-10 mm. the colour of 
I the centre gradually changes to dull sage-green : around this 
is a ring of light blue, and finally an outer circle of white. 
I In all probability some of the growths, several of which will 
\ most likely occur in the saucer, will by this time be found 
h to have come together by their edges ; they then become 
f completely interwoven, their original boundaries remaining 
evident for some time by their white tint. Sooner or later, 
however, the white is replaced by blue and the blue by sage- 
green, until the whole surface of the fluid is covered by a 
, single growth of a uniform green colour. 
I Even when they are not more than a-3 mm. in diameter 
the growths are strong enough to be lifted up from the fluid, 
and are easily seen under a low jjower to be formed of a 
tough, felt-like substance, the myeeUuin, Fig. 40, a {my), from 
the upper surface of which delicate threads, the aerial 
hypim {a. /ly.), grow vertically upwards into the air, while 
from its lower surface similar but shorter threads, the sub- 
merged hyphte (s. hy.), hang vertically downwards into the 
, fluid. 




Fir.. 40. — PtiticilHum gtaaeum, 

A, Uiogrammatic vertical section of a yoang growth ( k j], shoning 
mycelium (my), submei^ed hyphie (s. hy), and aerial hj'phis (a. hy\. 

B, group of spores : 1, before commencement of germination ; 2, after 
imbitnlion of ftnid : the remaining three have b^un to germinate. 

c, very j'oung mycelium formed by a small group of germinating 
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e advanced mycelium : the hjfphse have incieased in length 
and begmi 10 branch, and septa (.w/) have appeared. 

E, germinating spore (j/) very highly magnified, sending oM one 
short and one long h)^ha, the latter with a short lateral branch and 
several aepta (sep). Both spore and hyphie contain vacuoles [vof) in 
their protoplasm. 

f'-f*, development of the spore-beiiing brushes by repealed branch- 
ing of an aerial hypha : the short terminal branches or sterigmata are 
already being constricted to form spores. 

r", a fiiHy-developed brnsb with a row of spores developed from each 
steriema i,s/g). 

f'\ a single sterigma (j/j') with its spores (j/). 

f', an overripe brush in which the siruclure is obscnred by spores 
whidi have dropped from the sterigmata. 

B-D, f'-f*, and f' X 150 : f" x 200 : e y 500. 

As long as the growths are white or blue in colour no 
powder can be detached by touching the aerial hyphre, 
showing that the spores are not yet fully formed, but as soon 
as the permanent green hue is attained the slightest touch 
is sufficient to detach large quantities of s]iores, 

A bit of the felt-like mycelium is easily teased out or torn 
asunder with two needles, and is then found, like actual felt, 
to be formed of a close interlacement of delicate threads (d). 
These are the mycelial hypha : they are regularly cylindrical, 
about iItj ram. in diameter, frequently branched, and differ 
in an important particular from the somewhat similar hypha; 
of Mucor (p. 161). The protoplasm is not continuous, but 
is interrupted at regular intervals by transverse i>attitions or 
septa (d, e, se/>). In other words, a hypha of PeniciUium 
i.s normally what a hypha of Mucor becomes under un- 
favourable conditions (p. 162), multiceUnlar, the septa 
dividing it into separate portions, each of which is 
, morphologically comi>arabk to a single yeast cell. 

PeniciUium shows therefore a very important advance in 
structure over the organisms hitherto considered. While in 
these latter the entire organism is a single cell ; in Peni- 
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cillium it is a eell-aggrtgaU—an accumulation of numerous 
cells all in organic connection with ont; anothtr. As the 
cells are arranged in a single longitudinal series, Penicillium 
is an example of a linear aggregate. 

Each cell is surrounded, as already described, by a wall 
of cellulose : its protoplasm is more or less vacuolated (e, vai), 
sometimes so much so as to form a mere thin layer within 
the cell-wall, the whole interior of the cell being occupied by 
one large vacuole. Recently, by staining with logwood, 
numerous nuclei have been found, so that the Penicillium 
cell, like an Oxytricha (p. izo), or a filament of Mucor or 
Vaucheria, is multinucleate. 

The submerged hyphse have the same structure, but it is 
easier to find their actual ends than those of the mycelial 
hyphK. The free extremity tapers to a blunt point where 
the cellulose wall is thinner than elsewhere (see e). 

The aerial hy])hai from the youngest (white) part of a 
growth consist of unbranched filaments, but taken from a 
part which is just beginning to turn blue they are found to 
have a very characteristic ap]3earance (f* — f^). Each sends 
off from its distal or upper end a larger or smaller number of 
branches which remain short and grow parallel to one 
another ; the primary branches (f', p^) form secondary ones 
(f^), and the secondary tertiary (f*), so that the hypha finally 
assumes the appearance of a little brush or pencil, or more 
accurately of a minute cactus with thick-set forking branches. 
The ultimate or distal branches are short cells called sterig- 
mata (f*, stg). 

Next, the ends of the sterigmata become constricted, 
exactly as if a thread were tied round them and gradually 
tightened (f', f*'), the result being to separate the distal end 
of the sterigma as a globular daughter-cell, in very much the 
same way as a bud is separated in Saccharomyces (p. 72), 
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In this way a spore is produced. The process is repeated, 
the end of the sterignia is constricted again and a new spore 
formed, the old one being pushed further onwards. By a 
continual repetition of the same process a longitudinal row 
of spores is formed (f^, f"), of which the proximal or lower 
s the youngest, the distal or upper one the oldest. The 
spores grow for some time after their formation, and are 
therefore found to become larger and larger in passing from 
the proximal to the distal end of the chain (f^). Sooner or 
later they lose their connection with each other, become 
detached, and fall, covering the whole growth with a fine 
dust which readily adheres to all parts owing to the some- 
what sticky character of the spores. In this stage it is by 
s easy to make out the structure of the brashes, 
since they are quite obscured by the number of spores 
adhering to them (f"). 

s at the period of complete formation of the spores that 

the growth turns green. The colour is not due to the pres- 

e of chlorophyll. Under a high liower the spores appear 

quite colourless, whereas a cell of the same size coloured 

' with chlorophyll would appear bright green. 

The germination of the spores can be readily studied by 
sowing them in a drop of Pasteur's solution in a moist chamber 
(Fig. 37, p. 163). The spores, several of which usually adhere 
together, are at first clear and bright (b') : soon they swell 
considerably, and the protoplasm becomes granular and 
vacuolated (li^) : in this stage they are hardly distinguishable 
from yeast-cells {compare Fig. 13, p. 7 r). Then one or more 
buds spring from each and elongate into hyphifi (b, c), just 
as in Mucor. But the difference between the two moulds is 
soon apparent : by the time a hypha has grown to a length 
equal to about sis or eight times its own diameter, the pro- 
toplasm in it divides transversely and a cellulose septum is 
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fonned ( d, k. sep) dividing the young hypha into two cells 
(compare Fig, 36, h, p. 159). The distal cell then elongates 
and divides again, and in this way the hyiihte are, almost from 
the first, divided into cells of approximately equal length. 

The mode of growth of the distal or afiail cell of a hypha 
is probably as follows. The free end tapers slightly (e) and 
the cellulose wall thins out as it approaches the apex. The 
protoplasm performing constructive more rapidly than de- 
structive metabolism increases in volume, and its tendency is 

) grow in all directions : as, however, the cellulose mem- 
brane surrounding it is thinner at the apex than elsewhere, 
it naturally, on the principle of least resistance, extends in 
that direction, thus increasing the length of the cell without 
adding to its thickness. Thus the growth of a hypha of 
Pen Jcillium is apical, i.e. takes place only at the distal end, the 
cells once formed ceasing to grow. Thus also the oldest cells 

e those nearest the original spore from which the hypha 
sprang, the youngest those furthest removed from it. 



A piocuss which !ia.s been described as scunal, sometimes, but appa.- 
rently very rarely, octursin Penici Ilium, and is said to consist essentblly 
in the conjugation of two gametes having the form of twisted hyphse, 
and the subsequent development of spores in the resulting branched I 
zygote. But as the details of the process are complicated and itssei 
dioracter is doubtful, it is considered best to do no more than call 

ntiontoit. The student is tefcrred to Brefeld's oiigimil accoonC of J 
the process in the Quartiriy Jauraal of Mieroscopicai Scienct, vol. s 
p. 3142. The so-called sexual reproduction of the closely' allied £»rafiuin 
is described in Huiley and Martin's Elementary Biology (new edition), 
p. 419, and figured in Ilnwes's Atlas of Ehnunlary Bielogy, pL xin.. 

The nutrition of Penicillium is essentially like that of Mucor 
{p. 167). But, as it has been remarked, " it is often content 
with the poorest food which would be too bad for higher 
fungi. It lives in the human ear ; it does not shun cast-off ' 
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clothes, damp boots, or dried-iip ink. Sometimes it contents 
■hself with a solution of sugar with a very little [nitrogenous] 
■organic matlur, at other times it apjjears as if it preferred the 
I purest solution of a salt with only a trace of organic matter. 
1 i;ven tokrate the hurtful influence of poisonous 
Solutions of copper and arsenious acid." It flourishes best 
1 solution of peptones and sugar. 
This eclecticism in matters of diet is one obvious ex- 
Bplanation of the universal occurrence of Penicillium ; another 
s the extraordinary vitality of the spores. They will ger- 
Lminate at any temperature between I's" and 43° C, the 
[.optimum being about 22" C. They are not killed by a dry 
■Tieat of 108° C, and some will even survive a temperature 
1°. And lastly, they will genninate after being kept 
I'for two years. 

We have seen that the form of a renicillium growth is ir- 
I regular, and is determined by the surface on which it grows. 
■There are, however, certain fungi which are quite constant 
land determinate both in form and size, and are yet found 
I on analysis to be formed exclusively of interlaced hyphte, 
I that is, to belong to the type of linear aggregates. Among 
Ithe most striking of these are the mushrooms and toad- 
I Stools. 

A mushroom {Agaricui) consists of a stout vertical stalk 
J^Fig. 41, A, st), on the upper or distal end of which is borne 
■ an umbrella-like disc or pileus {/>). The lower or proximal 
I end of the stalk is in connection with an underground 
I mycelium (wy), from which it springs. 

On the underside of the pileus are numerous radiating 
vertical plates or latitellm {/) extending a part or the whole 
of the distance from the circumference of the pileus to the 
stalk, In the connnon edible mushroom {Agariius cam- 
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pestris) these lamellae are pink in young specimens, and 
afterwards become dark brown. 

The mushroom is too tough to be readily teased out like 




t'lu. 41. — Agariius tampcslm. 

A, Diaj^raminatic verticil iieclion, showing the stalk (st) springing 
from a mycelium (my), and expanding into the pileus {/), on Ihc under 
side of which are the radiating I amelln; (/)! 

B, transverse vertical section of a lamella, lihowing ihe hypha; {hy\ 
turning outwards (o form the layer of club-shaped cells (a) from which 
Ihe sterigmata spring. 

c, one of the club.shaped cells (a), highly magnified, showing its Iwii 
sterigmata [?lg\ each bearing a spore (i/). 
{B and c after Sachs.) 

the mycelium of Penicillium, and its structure is best in- 
vestigated by cutting thin sections of various parts and 
examining them under a high power. 
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Such sections show the whole mushroom to be composed 

immense numbers of closely interwoven, branched hyphfe 
(b) divided by numerous septa into cells. In the stalk the 
hyphje take a longitudinal direction ; in the pileus they turn 
outwards, passing from the centre to the circumference, and 
finally send branches downwards to form the lamellae. Fre- 
quently the hyphffi are so closely packed ns to be hardly 
distinguishable one from another. 

At the surfaces of the lamellie the hyphae turn outwards, 
so that their ends are perpendicular to the free surfaces of 
those plates. Their terminal cells become dilated or club- 
shaped {b, c, a), and give off two small branches or sterig- 
mata (c, s/g), the ends of which swel! up and become 
constricted off as spores (j/). These fall on the ground and 
germinate, forming a mycelium from which more or fewer 
mushrooms are in due course produced. 

Thus in point of structure a mushroom bears much the 
same relation to Penicillium as Caulerpa (p. 175) bears to 
Vaucheria. Caulerpa shows the extreme development of 
which a single branched cell is capable, the mushroom how 
complicated in structure and definite in form a simple Hnear 
may become. 
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SPIROGYRA 

Amongst the numerous weeds which form a green scum 
in stagnant ponds and slowly-flowing streams, one, called 
Spirogyra, is perhaps the commonest. It is recognised at 
once under a low power by the long delicate green filaments 
of which it is composed being marked with a regular green 
spiral band. 

Examined under the microscope the filaments are seen to 
be, like the hyphse of Penicillium, linear aggregates, that is, 
to be composed of a single row of cells arranged end to 
end. But in Penicillium the hyphse are frequently branched, 
and it is always possible in an entire hypha to distinguish 
the slightly tapering distal end from the proximal end 
which springs either from another hypha or from a spore. 
In Spirogyra the filaments do not branch, and there is no 
distinction between their opposite ends. 

The cells of which the filaments are composed (Fig. 42, a) 
are cylindrical, covered with a cellulose cell-wall {c, w), and 
separated from adjacent cells by septa {sep) of the same 
substance. The protoplasmic cell-body presents certain 
characteristic peculiarities. 

It has been noticed in more than one instance that in the 
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Fig. 42. — Spirogyra. 
small pOTtion of a living filament, showing a single cell, with cell- 
[f. w), sepia [sifi separatii^ il from adjacent cells, peripheral lajfcr 



{up) sepa 
t-") conn. 



lected by Ihrtiitls with a c 



tg6 SPIROGVRA less. 

ing the nucleus (ml), two spiral chromalophores {cir), and pyrenoids 

B', b', midiile portion of a. cetl, showing two stages in binary 

c, four stages in dioecious conjugation : in c' the gonads (ein', g""^) 
are connected by short processes of their adjacetit sides : in C' the active 
or male gamete (gam') has separated from the wall of the gonad {giti') 
jirepajatory to passing across the connecting bridge to the stationary or 
female gamate (^in") which has not yet separated from its containing 
gonad (gifi') : in c" the female gamete (gaii'i has undeigone separa- 
tion, and the male gamete l^am') is in the act of conjugating with it : in 
c* the two have united to form a zygote {lyg) lying in the female gonad. 

D, two stages in monoscious conjugation : in u^ the adjacent cells 
(gonads) have sent out conjugating processes (a) ; in d^ conjugation is 
complete, the male gamete having passed through the aperture between 
the conjugating processes and united with the female gamete to form the 

E, parthenogenetic fonnalion of zygotes. 

F, fully developed i^olc (zygospore). 

Q, early stage in the germination of the zygote. 
(b after Sachs : c after Strasbui^er : F and G from Sachs after 
Pringsheim.) 

larger cells of plants the development of vacuoles is so ex- 
tensive that the protoplasm is reduced to a thin layer in 
contact with the cell-wall (see pp. 169 and 188). This state 
of things is carried to excess in Spirogyra : the central vacuole 
is so large that the protoplasm (a, plsm) has the character 
of a mere delicate colourless membrane within the cell-wall : 
to make it out clearly the specimen should be treated with 
a fluid of greater density than water, such as a to per cent, 
solution of sodium chloride, which by absorbing the water 
in the vacuole causes the protoplasm to shrink away from 
the cell-wall and so brings it clearly into view. It is to this 
layer of protoplasm that the name primordial utricle is 
applied by botanists, but the student should remember that 
a primordial utricle is not a special constituent of those 
cells in which it occurs, but is merely the protoplasm cAa 
vegetable cell in which the vacuole is inordinately large. 
The protoplasm of the eel! of Spirogyra is not, however, 
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confined to the primordial utricle ; towards the centre of the 
vacuole is a small irregular mass of protoplasm connected to 
the peripheral layer by extremely delicate protoplasmic 
strands. Imbedded in this central mass is the nucleus (««), 
which has the form of a biconvex lens and contains a distinct 
nucleolus. 

The chromatophores differ from anything we have yet 
considered, having the form of green spiral bands {cir), of 
which each cell may contain one (d^) or two coiled in oppo- 
site directions (a). Imbedded in the chromatophores are 
numerous pyrenoids {pyr, see p. 37), to which the strands 
of protoplasm proceeding from the central nucleus-containing 
mass can be traced. 

The process of growth in Spirogyra is brought about by 
the binary lission of its constituent cells. It takes place 
underordinarycircumstancesduring the night (11 — 12 p.m.), gt 
but by keeping the plant cold all night may be delayed until ' 
morning. 

The nucleus divides by the complicated process (karyo- 
kinesis) already described in general terms {p. 67), so that 
two nucl f d al d f h f 
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Any of the cells of a Spirogyra-filament may divide in this 
way, so that the filament grows by the intercalation of new 
cells between the old ones. This is an example of interstitial 
growth. Note its difference from the apical growth which 
was found to take place in PenicilJium (p. 190), a difference 
which explains the fact mentioned above (p. 1 94) that there is 
no distinction between the two ends of a filament of Spirogyra, 
while in Penicillium the proximal and distal ends can always 
be distinguished in a complete hypha, 

The sexual reproduction of Spirogyra is interesting, as 
being intermediate between the very different processes which 
were found to obtain in Mucor (p. 165) and in Vaucheria 

►(p. .74 

In summer or autumn adjoining filaments become arranged 
illel to one another and the opposite cells of each send 
rout short rounded processes which meet (Fig. 43, c^), and 
finally become united by the absorption of the adjacent walls, 
thus forming a free communication between thetwoconnected 
cells or gonads {gon^, gon^). As several pairs of cells on the 
same two filaments unite simultaneously a ladder-like ap- 
pearance is produced. 

The protoplasmic cell-bodies (c^, garn^, gam^) of the two 
gonads become rounded off and form gametes or conjugating 
bti^^ (see p. 166, note^) : it is observable that this process 
of :™paration from the wall of the gonad always takes place 
earlfe in one gamete (c^, gain^) than in the other (c^, c^ 
gatn'). Then the gamete which is ready first {gain^) passes 
through the connecting canal (c*) and conjugates with the 
other (gam'), forming a zygote (c*, zyg) which soon surrounds 
itself with a thick cell-wall. It has been ascertained that the 
nuclei of the gametes unite to form the single nucleus of the 
zygote. 
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Thus, as in Mucor, the gametes are similar and equal- 
sized, and the result of the process is a resting zygote or 
zygospore. But while in Mucor each gamete meets the other 
half way, so that there is absolutely no sexual differentiation, 
1 Spirogyra, as in Vaucheria, one gamete remains passive, 
and conjugation is effected by the activity of the other. So 
that we have here the very simplest case of sexual differen- 
tiation : the gametes, although of equal size and similar ap- 
pearance, are divisible into an active or male cell, correspond- 

5 with the sperm of Vaucheria, and a passive or female 
cell corresponding with the ovum. It will be seen that in 
Spirogyra the whole of the protoplasm of each gonad is used 
up in the formation of a single gamete, whereas in Vaucheria, 
while this is the case with the ovary, numerous gametes 
(sperms) are formed from the protoplasm of the spermary. 

In some forms of Spirogyra conjugation takes place not 
between opposite cells of distinct filaments, but between 
adjacent cells of the same filament. Each of the gonads 
sends out a short process (d^, a) which abuts against a 
corresponding process from the adjoining cell ; the two 
processes are placed in communication with one another by 
a small aperture (d^) through which the male gamete makes 
its way in order to conjugate with the female gamete and 
form a zygote {^yg}- 

In the ordinary ladder-like method of conjugation the 
conjugating filaments appear to be of opposite sexes, one 
producing only male, the other only female gametes : the plant 
in this case is said to be ditecious, i.e., has the sexes lodged in 
distinct individuals, and conjugation is a process of crosi- 
fertilhation. But in the method described in the preceding 
paragraph the individual filaments are mona:cious, i.e., produce 
both male and female cells, and conjugation is a process of 
self-fertilization. 



Sometimes filaments are found in which the protoplasm of 
certain cells separates from the wall, and surrounds itself 
with a thick coat of cellulose forming a body which is quite 
indistinguishable from a zygote (e). There seems to be 
some doubt as to whether such cells ever germinate, but they 
have all the appearance of female cells which for some 
reason have developed into zygote-like bodies without fertil- 
ization. Such development from an unfertilized female 
gamete, although it has not been proved in Sjiirogyra is 
known to occur in many cases, and is distinguished as 
parthenogenesis. 

When the zygote is fully develoi:«d (f) its cell wall is 
divided into three layers, the middle one undergoing a 
peculiar change which renders it waterproof : at the same 
time the starch in its protoplasm is replaced by oil. In this 
condition it undergoes a long period of rest, its structure 
enabling it to offer great resistance to drought, frost, &c. 
Finally it germinates : the two outer coats are ruptured, and 
the protoplasm covered by the inner coal protrudes as a 
club-shaped process (g) which gradually takes on the form 
of an ordinary Spirogyra filament, dividing as it does so into 
numerous celts. 

Thus in the present case, as in Penicillium and the 
mushroom, the muUicellular aduh organism is originally 
unicellular. 



The nutrition of Spirogyra is purely holophytic ; like 
Hiemalococcus and Vaucheria it lives upon the carbon 
dioxide and mineral salts dissolved in the surrounding 
water. Like these organisms also it decomposes carbon 
dioxide and forms starch only under the influence of 
sunlight. 



LESSON XX 



ULVA, LAMINAKIA, &C. 



It was pointed out in a previous lesson (p. 193) that the 
highest and most complicated fungi, such as the mushrooms, 
are found on analysis to be built up of linear aggregates of 
cells — to consist of hyphfe so interwoven as to form struc- 
tures often of considerable size and of definite and regular 
fonn. 

This is not the case with the Algse or lower green plants — 
the group to which Vaucheria, Caulerpa, Spirogyra, the 
diatoms, and in the view of some authors Hrematococcus 
and Euglena, belong. These agree with fungi in the fact 
that the lowest among them (e.g. Zooxanthella) are unicellu- 
lar, and others {e.^. Spirogyra) simple linear aggregates, but 
the higher forms, such as the majority of sea-weeds, have 
as it were gone beyond the fungi in point of structure and 
attained a distinctly higher stage of morphological differen- 
tiation. This will be made clear by a study of three typical 
genera. 



Amongst the immense variety of seaweeds found in rock- 
pools between high and low water-marks are several kinds 
having the form of flat irregular expansions, of a bright green 
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colour and very transparent One of these is the genus 
Monoslroina, of which M. buliosum is a fresh-water species. 
Examined microscopically the plant (Fig. 43) is found to 
consist of a single layer of close-set, green cells, the cell-walls 
of which are in close approximation, so that the cell-bodies 
appear as if embedded in a continuous layer of transparent 
cellulose. Thus Monostroma, like Spirogyra, is only one 
cell thick (b), but unlike that genus it is not one but many 




Fig. 43. — Mmiostroma. 

A, surface view of M. bullo&um, showing the cells embedded in a 
common layer of cellalose : many of them are in various stages of 
division. 

B, vertical section of M. laceratuni, showing tlie arrangement of the 
cells in a single layer. 

[a after Reinke ; b after Cooke. ) 

cells broad. In other words, instead of being a linear it is 
a superficial aggregate. 

To use a geometrical analogy : — a unicellular organism 
like HEematococcus may be compared to a point ; a linear 
aggregate like Penicillium or Spirogyra to a line ; a superficial 
aggregate like Monostroma to a plane. 

Growth takes place by the binary fission of the cells (a), 
but here again there is a marked and important difference 
from Spirogyra. In the latter the plane of division is always 
at right angles to the long axis of the filament, so that growth 
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;s place in one dimension of space only, namely in length. 

1 Monostronia the plane of division may be inclined in any 

direction provided it is perpendicular to the surface of the 

plant, so that growth goes on in two dimensions of space, 

namely in length and breadth. 

Another of the flat, leaf-like, green sea-weeds is the very 
F common genus Ulva, sometimes called "sea-lettuce." It 
I consists of irregular, more or less lobed expansions with 
I crinkled edges, and under the microscope closely resembles 
I Monostroma, with one important difference : it is formed 
j not of one but of two layers of cells, and is therefore not a 
[ superficial but a solid aggregate. To return to the geometrical 
I analogy used above it is to be compared not to a plane but 

a solid body. 

As in Monostroma growth takes place by the binary 
I fission of the cells. But these divide not only along variously 
I inclined planes at right angles to the surface of the plant 
I but also along a plane parallel to the surface, so that growth 
\ takes place in all three dimensions of space— in length, 
^breadth, and thickness. 



Ulva may be looked upon as the simplest example of a 

solid aggregate : the largest and most complicated sea-weeds 

are the great olive-brown forms known as "tangles" or 

"kelp," so common at low water-mark. They belong to 

lus genera, of which the commonest British form is 

' Laminaria. 

Laminaria (Fig. 44, a) consists of a cylindrical stem, 
[ which may be as much as two metres {6 ft.) in length and 
I 5 or 6 cm. in diameter : its proximal end is fastened to the 
I rocks by a branched, root-Uke strvicture, while distally it 
f expands into a great, flat, irregularly -cleft, leaf-like body. 
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which may be as much as 2-3 metres long and 70-80 cm. 

Other genera of tangles attain even greater dimensions. 
A common New Zealand genus, Ltisonia (Fig. 44, b) is a 
gigantic tree-like weed, the trunk of which 
more than three metres (9-10 ft.) long, and as thick 
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•scens, showing tree-like fonii (about 3'glh natural 
, after Le Maont and Dccaisne.) 



man's thigh, while the graceful Macrocyslis, another southern 
genus, is believed to attain a length of over 200 metres 
(700 ft.), and is known to grow as much as 5J metres (over 
18 fl.) in six months. 

But in spite of their immense size these olive sea-weeds 
are comparatively simple solid aggregates of cells. Ex- 
amined with the naked eye the difference between them 
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and a tree or shrub is quite obvious : when cut across they 
are seen to consist of a nearly homogeneous substance of 
the consistency of soft gristle, neither bark, wood, nor pith 
being distinguishable. Under the microscope, however, 
the cells of which they are composed are seen to vary 
considerably in form and size, some of them even assuming 
the characters of what we shall learn in our studies of the 
higher plants (Lesson XXIX) to distinguish as sieve-tubes. 



LESSON XXI 



NITELLA 



In the linear, superficial, and solid aggregates discussed in 
the three previous lessons, the organism was seen to be 
composed of cells which in most cases differed but little 
from one another, all complications of structure being due 
to a continued repetition of the process of cell-multiplica- 
tion accompanied, except in Laminaria and its allies, by 
little or no cell -differentiation. In the present lesson we 
shall make a detailed study of a solid aggregate in which 
the constituent cells differ very considerably from one 
another in form and size. 

Nitella (Fig. 45, a) is a not uncommon fresh-water weed, 
found in ponds and water-races, and distinguished at once 
from such low Algse as Vaucheria and Spirogyra by its ex- 
ternal resemblance to one of the higher plants, since it 
presents structures which may be distinguished as stem, 
branches, leaves, &c. 

A Nitella plant consists of a slender cylindrical stem, 
some 15-20 cm. and upwards in length, but not more than 
about \ mm. in diameter. The proximal end is loosely 
rooted to the mud at the bottom of the stream or pond by 
delicate root filaments or rhizoids (a, rJi) : the distal end is 




Fig, ^^.—Nitella.' 
1. size), showing the segmented st 
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ment {sig) consisting of a proximal intemode {int. «</) and distal node 
(nd) : the leaves (/) arranged in whorls and ending in leaflets (/■) : the 
rhizoids (rh) : aad two branches {ir), each springing from the axil of a 
leaf and ending, like the main stem, in a terminal bud {urm. bud). 

B, distal end of a shoot with gonads attached to the leaves : ozy, the 
ovaries ; spy, the spennaries. 

c, distal end of a rhiioid. 

D, distal end of a leaf (/} wilhTwo leaflets (^), showing the chroma- 
IDpbores and the whil e line. The arrows indicate the direction of rota- 
tion of the protoplasm. 

B, distal end of a leaflet, showing the general simctnre of a typical 
celt of Nilella in optical section : t. vi, the cell-wall ; fi/sm', the quies- 
cent outer layer of protoplasm containing chromatophores {cAr) ; plstn', 
the inner layer, rotating in the direction indicated by the arrows, and 
containing nuclei (nu) ; vac, the lai^ vacuole. 

F, lenninal bud, partly dissected, showing the nodes {rtJ), intemodes 
(tW. nd), and leaf-whorls (/), numbered from i to 4, starting Ironi the 
proximal end ; gr, ft, growing point. 

G, distal end of a leaf (/) with two leaflets {!), at the base of which 
are attached a spermary {spy) and two ovaries [ovy). 

free. Springing from it at intervals are circlets or whorls of 
delicate, pointed leaves (/). 

Owing to the regular arrangement of the leaves the stem 
is divisible into successive sections or segments {seg), each 
consisting of a very short distal division or node {nd) from 
which the leaves spring, and of an elongated proximal 
division or intemode {int. nd), which bears no leaves. 

Throughout the gieater part of the stem the whorls ol 
leaves are disposed at approximately equal distances from 
one another, so that the intemodes are of equal length, but 
towards the distal end the intemodes become rapidly shorter 
and the whorls consequently closer together, until, at the 
actual distal end, a whorl is found the leaves of which, in- 
stead of spreading outwards like the rest, are curled upwards 
so that their points are in contact. In this way is formed 
the terminal bud {term, bud), by which the uninjured stem 
is always terminated distal ly. 

The angle between the stem and a leaf, above (distad of) 
the attachment of the latter, is called the axil of the leaf. 



There is frequently found springing from the axil of one of 
the leaves in a whorl a branch or shoot {br) which repeats 
the structure of the main stem, i.e. consists of an axis from 
which spring whorls of leaves, the whole ending in a ter- 
minal bud. The axis or stem of a shoot is called a second- 
ary axis, the main stem of the plant being the primary axis. 
It is important to notice that both primary and secondary 
axes always end in terminal buds, and thus differ from the 
leaves which have pointed extremities. 

The rhizoids or root-filaments (rh) arise, like the leaves 
and branches, exclusively from nodes. 

In the autumn the more distal leaves present a peculiar 
appearance, owing to the development on them of the gonads 
or sexual reproductive organs (Fig. 45, b and g) : of these 
the spermaries (antheridia) look very like minute oranges, 
being globular structures (spy) of a bright orange colour ; 
the ovaries (oogonia) are flask-shaped bodies (ovy) of a 
yellowish brown colour when immature, but turning black 
after the fertilization of the ova. 



Examined under the microscope each inlernode is found 
to consist of a single gigantic cell (f, ini. nd^) often as much 
as 3 or 4 cm. long in the older parts of the plant. A node 
on the other hand is composed of a transverse plate of small 
cells (jid^) separating the two adjacent internodes from one 
another. The leaves consist each of an elongated proximal 
cell like an internode (d, /; f, /'), then of a few small cells 
having the character of a node, and finally of two or three 
leaflets (d, G, /'), each consisting usually of three cells, the 
distal one of which is small and pointed. 

Thus the Nitelia plant is a solid aggregate in which the 
cells have a very definite and characteristic arrangement. 

The details of structuie of a single cell ate readily made 
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out by examining a leaflet under a high power. The cell is 
surrounded by a wall of cellulose (e, c.w) of considerable 
thickness. Within this is a layer of protoplasm (primordial 
utricle, p. 196), enclosing a large central vacuole (vac), and 
clearly divisible into two layers, an outer {plsm^) in im- 
mediate contact with the cell-wall, and an inner {plsm^) 
bounding the vacuole. 

In the outer layer of protoplasm are the chromatophores 
or chlorophyll-coqjuscles {chr) to which the green colour of 
the plant is due. They ate ovoidal bodies, about y^ mm. 
long, and arranged in obliquely longitudinal rows (o). On 
opposite sides of the cylindrical cell are two narrow oblique 
bands devoid of chromatophores and consequently colourless 
(d). The chromatophores contain minute starch grains. 

The inner layer of protoplasm contains no chlorophyll 
corpuscles, but only irregular, colourless granules, many of 
which are nuclei (k, nu : see below, p. 213). If the tern- 
t^erature is not too low this layer is seen to be in active 
rotating movement, streaming up one side of the cell and 
down the other (e), the boundary between the upward and 
downward currents being marked by the colourless bands 
just mentioned, along which no movement takes place (d). 
This roladon of protoplasm is a form of contractility very 
common in vegetable cells in which, owing to the confining 
cell-wall, no freer movement is possible. 

The numerous nuclei (e, ««) are rod-like and often 
curved : they can be seen to advantage only after staining 
{Fig. 46). Lying as they do in the inner layer of protoplasm, 
they are carried round in the rotating stream. 

In the general description of the plant it was mentioned 
that the stem ended distally in a terminal bud {Fig, 45, a, 
Unn. bud) formed of a whorl of leaves with their apices 
curved towards one another. If these leaves (f, /') are dis- 



sected away, the node from which they spring {iid'} is found 
to give rise distally to a very short intemode (/'«/. nJ^), 
above which is a node (nd^) giving rise to a whor! of very 
small leaves (/^), also curved inwards so as to form a bud. 
Within these is found another segment consisting of a still 
smaller intemode {int. nd^) and node, bearing a whorl of 
extremely small leaves (/^), and within these again a segment 
so small that its parts {inl. nd\ /*) are only visible under 
the microscope. The minute blunt projections {/*), which 
are the leaves of this whorl, surround a blunt, hemispherical 
projection {gr. pt), the actual distal extremity of the plant— 
the growing point ox punctum vegetationis. 

The structure of the growing point and the mode of 
growth of the whole plant is readily made out by examining 
vertical sections of the terminal bud in numerous specimens 
(Fig. 46}. 

The growing point is formed of a single cell, the apical 
cell (a, ap. c), approximately hemispherical in form and about 
j'j mm. in diameter. Its cell-wall is thick, and its cell-body 
formed of dense granular protoplasm containing a large 
rounded nucleus {nu) but no vacuole. 

In the living plant the apical cell is continually undergoing 
binary fission. It divides along a horizontal plane, i-t.^ a 
plane parallel to its base, into two celts, the upper (distal) of 
which is the new apical cell {b, ap. c), while the lower is now 
distinguished as the sub-apical or segmental cell (s. ap. c). 
The sub-apical cell divides again horizontally, forming two 
cells, the uppermost of which (c, n^) almost immediately 
becomes divided by vertical planes into several cells (d, n^); 
the lower (c, d, int. nd^) remains undivided. 

The sub-apical cell is the rudiment of an entire segment ; 
the uppermost of the two cells into which it divides is the 
rudiment of a node, the lower of an intemode. The future 
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Fit. 46 — Ntlella Vertical seel ons of the gro ng po nt at four 
BDCcessive stages The noJes [nJ) intemodei (111/ tuf) and leaf 
whorlii (/) are all numbered n order from the piox mal to the distal end 
of the bud, the numbers corresponding in all the figures. The pronimal 
s^ment {int. lut, ml', I') in these %ures corresponds with the third 
s^menl (ih/. mP, l*) shovm in Fig. 46, F. 

A, the apical cell {aji, c) is succeeded by a very rudimentary node 
(«/*) without leaves : iiil, nd^ is in vertical section, showing the proto- 
plasm {plsm\ vacuole (lUf), and two nuclei (nu]- 

B, the apical cell has divided tnnsvcrscly, forming a new apical cell 
(a/, f) and a sub-apical eel! (i. ap. c) : the leaves (/■) of ntP) have 
appeared, 

c, the sub-apical cell has divided transversely into the pronmally- 
situated intemode (111/. nrf*) and the distal ly-situated node («rf*) of a 
new segment ; in the node the nucleus has divided preparatory to cell- 
division. The previously formed segments have increased in size : iW. 
nd^ has developed a vacuole {vac), and its Duclens has divided (comp. 
iW. mO in a) : int. nd' is shown in surface view with three dividiiig 
nuclei (hi). 

n. tid* has divided vertically, forming a transverse plate of cells, and 
is now as far advanced as s/fi in A : the nucleus of int. mP is in the act 
>t dividiiw, while itU, nrf", shown in surface view, now contains nume- 
'ei, some of them in the act of dividing. 
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fate of the two Is shown at oncu hy the node dividing into 
a hoTuontal plate of cells while the internode remains 
unicellular. 

Soon the cells of the new node begin to Rend out short 
blunt processes arranged in a whorl : these increase in sijie, 
undeigo division, and form leaves {a — r, l^, 1^). 

These processes are continually being repeated ; the apical 
cell is constantly producing new Kub-apical cells, the sub- 
apical cells dividing each into a nodal and an intemodal 
cell ; and the nodal cell dividing into a horizontal plate of 
cells and giving off leaves, while the internodal cell remains 
undivided. 

The special characters of the fully-formed parts of the 
plant are due to the unequal growth of the new cells. The 
nodal cells soon cease to grow and undergo but little altera- 
tion {comp. nd^ and «(/*}, whereas the intemodes increase 
immensely in length, being quite 3,000 times as long when 
full-grown as when first separated from the sub-apical cell. 
The leaves also, at first mere blunt projections (a, /'}, soon 
increase sufficiently in length to arch over the growing point 
and so form the characteristic terminal bud : gradually they 
open out and assume the normal position, their successors 
of the next younger whorl having in the meantime developed 
sufficiently to take their place as protectors of the growing 
point. 

The multinucleate condition of the adult internodes is 
also a result of gradual change. In its young condition an 
internodal cell has a single rounded nucleus (a, inl, nd\ int. 
nd\ but by the time it is about as long as broad the nucleus 
has begim to divide (d, int. nd^ ; c, int. nd^), and when the 
length of the cell is equal to about twice its breadth, the 
nucleus has broken up into numerous fragments (c, inl, nd^, 
u, int. >id% many of ibem still in active division. This 



repeated fission of the nucleus reminds us of what was 
found to occur in Opalina (p. 119). 

Thus the growth of Nitella like that of Penicillium (p. 
188), is apical : new cells arise only in the terminal bud, 
and, after the first formation of nodes, intemodes, and 
leaves, the only change undergone by these parts is an in- 
crease in size accompanied by a limited differentiation of 
character. 

A shoot arises by one of the cells in a node sending 
off a projection distad of a leaf, i.e., in an axil : the process 
separates from the parent cell and takes on the characters of 
an apical cell of the main stem, the structure of which is in 
this way exactly repeated by the shoot, 

The leaves, unlike the branches, are strictly Umited in 
growth. At a very early period the apical cell of a leaf 
becomes pointed and thick-walled (Fig. 45, e), and after this 
no increase in the number of cells takes place. 

The rhizoids also arise exclusively from nodal cells ; they 
consist of long filaments (Fig. 45, c), not unlike Mucor- 
hyphffi, but occasionally divided by oblique septa into linear 
aggregates of cells, and increase in length by apical growth. 

The structure of the gonads is peculiar and somewhat 
complicated. 

As we have seen, the spermary (Fig. 45, g, sfy) is a 
globular, orange-coloured body attached to a leaf by a short 
stalk. Its wall is formed of eight pieces or shields, which 
fit against one another by toothed edges, so that the entire 
spermary may be compared to an orange in which an equa- 
torial incision and two meridional incisions at right angles 
to one another have been made through the rind dividing 
it into eight triangular pieces. Strictly speaking, however, 
mly the four distal shields are triangular : the four proximal 
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I' ones have each its lower angle truncated by the ii 
the stalk, so that they are actually four-sided. 
Each shield (Fig, 47, a and b, s/i) is a single concavo" 
convex cell having on its inner surface numerous orange- 
coloured chromatophores : owing to the disposition of these 
on the inner surface only, the spermary appears to have a 




Fig. 47.— a, diagrammatic verlica! section of the spermary of Nitella, 
showing Ibe stalk (sti), four of the eight shields {si), each bearing on 
its inner face a handle {An), to which is attached a head-Cell (i/i) : each 
head cell bears six secondary head-ce!is (iif), to each of which four 
spermatic filaments [sp-f.) are attached. 

B, one of the proximal shields (sA), with handle (An), head-cell (id), 
secondary head-cells (Aif), and spermatic filaments {sf, /,). 

c, a single sperm. 

d', n'l d'. three stages in the development of the spermary. 

(c, after Howes.) 



colourless transparent outer layer— like an orange inclosed 
in a close-fitting glass case. 

Attached to the middle of the inner surface of each shield 
is a cylindrical celt, the handle {hn), which extends towards 
the centre of the spermary, and, like the shield itself, con- 
tains orange chromatophores. Each of the eight handles 
bears a colourless head-aU ilid'), to which six secondary head 



etlh (Atf) are attached, and each of these latter bears four 
delicate coiled filaments {sp.f.) divided by septa into small 
cells ananged end to end, and thus not unlike the hyphte of 
a fungus. There are therefore nearly two hundred of these 
spermatic filamenU in each spermary, coiled up in its interior 
like a tangled mass of white cotton. 

The cells of which the filaments arc composed have at 
first the ordinary character, but as the spermary arrives at 
maturity there is produced in each a single sperm (c), having 
the form of a spirally-coiled thread, thicker at one end than 
the other, and bearing at its thin end two long flagella. In 
all probability the sperm proper, i.t., the spirally-coiled body, 
is formed from the nucleus of the cell, the flagella from its 
protoplasm. As each of the zoo spermatic filaments con- 
sists of from loo to aoo cells, a single spermary gives rise 
to between 20,000 and 40,000 sperms. 

When the sperms are formed the shields separate 
from one another and the spermatic filaments protrude 
between them like cotton from a pod : the sperms then 
escape from the containing cells and swim freely in the 
water. 

The ovary (Fig. 45, g, my, and Fig. 48 a) is ovoidal in 
form, attached to the leaf by a short stalk {stK), and ter- 
minated distally by a little chimney-like elevation or crown 
{cr). It is marked externally by spiral grooves which can be 
traced into the crown, and in young specimens its interior is 
readily seen to be occupied by a large opaque mass {mi). 
Sections show that this central body is the ovum, a large cell 
very rich in starch : it is connected with the unicellular stalk 
by a small cell {nd) from which spring five spirally-arranged 
cells {ip. c.) : these coil round the ovum and their free ends 
— each divided by septa into two small cells — project at the 
distal end of the organ and form the crown, enclosing a 
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narrow canal which places ihe distal end of the ovum in free 
comtnunlcation with the surrounding water. 

We saw how the various parts of the fully formed plant — 
nodal, and intemodal cells, leaves, and rhizoids — were all 
formed bv the modification of similar cells produced in the 
apical bud. It is interesting to find that the same is true of 
the diverse parts of the reproductive organs. 

The spermarv arises as a single stalked globular cell which 




Fio. 48.^ — A, vertical section of the ovaiy of Nilella, showing the 
stalk {iti), small node {ruf) Iroiii which spring the five spirally-twisted 
cells {jf. r), each ending in one of the two-celled sections of the crown 
(cr). The ovum contains starch grains, and is tepteseoled as trans- 
parent, Ihe spiral cells beii^ seen Uuongh it. 

b', sorface »iew, and rfl, section of a very young ovary : B*, later 
stage in vertical section : B*, still later stage, surface view, with the 
ovum seen through the transparent spiral cells. Letters as in A, except 
X, small cells formed by divi^on from the ba.se of the ovum, (b'-b* 
after Sachs.) 



becomes divided into eight octants (Fig. 47, d'). Each of 
these then divides tangentially (i.e. parallel to the surface 
of the sphere) into two cells (d^), the inner of which divides 
again (d*) so that each octant is now composed of three cells. 
Of these the outermost forms the shield, the middle, the 
handle, and the inner the head-cell : from the latter the 
secondary head-cells and spermatic filaments are produced 



NITELLA 

by budding. The entire sperniary apiiears Lo be a modified 
leat^ec. 

The ovary also arises as a single cell, but soon divides and 
becomes differentiated into an axial row of three cells (Fig. 
48, B*, {>7\ nd, slk) surrounded by five others (sp. e) which arise 
as buds from the middle cell of the axial row {nd) and are 
at first knob-like and upright (b'). The uppermost or distal 
cell of the axial row becomes the ovum (b', b*, ov), the 
others the stalk {stk) and intermediate cells {nd, x) : the five 
surrounding cells elongate, and as they do so acquire a spiral 
twist which becomes closer and closer as growth proceeds 
(compare b^, b^, and Fig. 45, g, trv/}. At the same time the 
distal end of each develops two septa {b') and, projecting 
beyond the level of the ovum, forms with its fellows the 
chimney or crown {cr) of the ovary. There is every reason 
to believe that the entire ovary is a highly-modified shoot ; 
the stalk representing an internode, the cell nd a. node, the 
spiral cells leaves, and the ovum an apical cell. 

Thus while the ciliate Infusoria and Caulerpa furnish ex- 
amples of cell-differentiation without cell-multiplication, and 
Spirogyra of cell-multiplication without cell-difierentiation, 
Nitella is a simple example of an organism in which com- 
plexity is obtained by the two processes going on hand in 
hand. It is a solid aggregate, the constituent cells of which 
are so arranged as to produce a well-defined external form, 
while some of them undergo a more or less striking differen- 
tiation according to the position they have to occupy, and 
the function they have to perform. 



Impregnation takes place in the same manner as in 
Vaucheria (p. 173). A sperm makes its way down tbe 
^ canal in the chimney-like crown of cells terminating the 
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ovary, and conjugates with the ovum converting it into an 
oosperm. 

After impregnation the ovary, with the contained oosperm, 
becomes detached and falls to the bottom, where, after a 




Fig. 49. — Pro-embryo of Chara, showing the ovary (ovy) from the 
oosperm in which the pro-embryo has sprung : the two nodes (fuf), 
apical cell (op, r), rhizoids (M), and leaves (/) of the pro-embryo : and 
the rudiment of the leafy plant ending in the characteristic terminal bud 
{ferm. dud). (After Howes, slightly altered.) 



period of rest, it germinates. The process of germination 
does not appear to be known in Nitella, but has been followed 
in detail in the closely allied genus Chara. 

The oosperm sends out a filament which consists at first 
of a single row of cells (Fig. 49) giving out a root-fibre (rH) 
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at its proximal end. Soon two nodes (nd) are formed on 
the filament, ox pro-embryo^ from the lower of which rhizoids 
(rH) proceed, while the upper gives rise to a few leaves (/), 
not arranged in a whorl, and to a small process which is at 
first unicellular, but, behaving like an apical cell of Nitella, 
soon becomes a terminal bud (term, bud) and grows into the 
ordinary leafy plant. 

This is an instance of what is known as alternation of 
generations. The Chara — ^and presumably the Nitella — 
plant gives rise by a sexual process to a pro-embryo which in 
turn produces, by an asexual process of budding, the Chara 
(or Nitella) plant. No case is known of the pro-embryo 
directly producing a pro-embryo or the leafy-plant a leafy- 
plant. In order to complete the cycle of existence or life- 
history of the species two generations which alternate with 
one another are required : a sexual generation oxgamobium^ 
which reproduces by the conjugation of gametes (ovum and 
sperm), and an asexual generation or agamobium, which 
reproduces by budding. 
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We have seen that with plants, hoth Fungi and Algas, the 
next stage of morphological differentiation after the simple 
cell is the linear aggregate. Among animals there are no 
forms known to exist in this stage, but coming immediately 
above the highest unicellular animals, such as the ciliate 
Infusoria, we have true solid aggregates. The characters of 
e of the simplest of these and the fundamental way in 
which it differs from the plants described in the two previous 
lessons will be made clear by a study of one of the little 
organisms known as " fresh-water polypes " and placed 
under the genus Hydra. 

Although far from uncommon in pond-water. Hydra is not 
always easy to find, being rarely abundant and by no means 
conspicuous. In looking for it the best plan is to fill either 
a clear glass bottle or beaker or a white saucer with weeds 
and water from a pond and to let it remain undisturbed for 
a few minutes. If the gathering is successful there will be 
seen adhering to the sides of the glass, the bottom of the 
saucer, or the weeds, little white, tawny, or green bodies, 
about as thick as fine sewing cotton, and 2 — 6 mm. in 
length. They adhere pretty (irmly by one end, and exam 




Fig. yi.~Hydra. 

A, Two living specimens of H. viridis attached to a bit of weeJ. 
The larger specioien is fally expanded, and shows the elongated body 
ending distally in the hypostotiie [hyf), surrounded by tentacles [I), and 
three buds [hP, h^, kP) in different stages of development : a small 
waler-Jlea {a) has been captured by one tentacle. The smaller specimen 
(to the tight and above) is in a state of complete retraction, the tentacles 
{t) appearing like papilla. 

B, H. fiisca, showing the mouth (mlh) at the end of the hypostome 
{hyfi), the circlet of tentacles (/), two spermaries {spy), and an ovary 
{my). 

c, a Hydra creeping on a flat surface by looping nr 
D, a specimen ccawling on its tentacles. 
(C and D after W. Marshall.) 
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ation with a pocket lens shows that fFoni the free extremity 
a number of very delicate filaments, barely visible to the 
naked eye, are given off. 

Under the low power of a compound microscope, a Hydra 
{Fig. 50, b) is seen to have a cylindrical body attached by a 
flattened base to a weed or other aquatic object, and bearing 
at its opposite or distal end a conical structure, the hypostome 
{hyp), at the apex of which is a circular aperture, the mouth 
{mlh.). At the junction of the hyjiostome with the body 
proper are given off from six to eight long delicate Un- 
tacies {t) arranged in a circlet or whorl. A longitudinal 
section shows that the body is hollow, containing a spacious 
cavity, the tnteron (Fig. gi, a, ent. can), which communicates 
with the surrounding water by the mouth. The tentacles are 
also hollow, their cavities communicating with the enteron. 

There are three kinds of Hydra commonly found : one, 
J/, vulgaris, is colourless or nearly so ; another, H.fusca, is 
of a pinkish-yellow or brown colour ; the third, H. viridis, is 
bright green. In the two latter it is quite evident, even 
under a low power, that the colour is in the inner parts of 
the body-wall, the outside of which is formed by a transparent 
colourless layer (Fig. 50, a, b). 

It is quite easy to keep a Hydra under observation on the 
stage of the microscoj^e for a considerable time by placing it 
in a watch-glass or shallow " cell " with weeds, &c., and in 
this way its habits can be very profitably studied. 

It will be noticed, in the first place, that its form is 
continually changing. At one time (Fig. 50, .4, left-hand 
figure) it extends itself until its length is fully fifteen times its 
diameter and the tentacles appear like long delicate filaments : 
at another time (right-hand figure) it contracts itself into an 
almost globular mass, the tentacles then appearing like little , 
blunt knobs. 
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Besides these movements of contiaction and expansion, 
Hydra is able to move slowly from place to place. This it 
usually does after the manner of a looping caterpillar (Fig. 
50, c) : the body is bent round until the distal end touches 
the surface ; then the base is detached and moved nearer the 
distal end, which is again moved fom-ard, and so on. It has 
also been obsened to crawl like a cuttle fish (d) by means of 
its tentacles, the body being kept nearly vertical. 

It is also possible to watch a Hydra feed. It is a very 
voracious creatme, and to see it catch and devour its prey is 
a curious and interesting sight. In the water in which it 
lives are always to be found numbers of " water-ffeas," minute 
animals from about a millimetre downwards in length, 
belonging to the class Crustacea, a group which includes 
lobsters, crabs, shrimps, &c. 

Water-fleas swim very rapidly, and occasionally one may be 
seen to come in contact with a Hydra's tentacle. Instantly 
its hitherto active movements stop dead, and it remains 
adhering in an apparently mysterious manner to the tentacle. 
If the Hydra is not hungry it usually liberates its prey after a 
time, and the water-flea may then be seen to drop through 
the water like a stone for a short distance, but finally to 
expand its limbs and swim off. If however the Hydra has 
not eaten recently it gradually contracts the tentacle until 
the prey is brought near the mouth, the other tentacles being 
also used to aid in the process. The water-flea is thus forced 
against the a]>ex of the hypostome, the mouth expands 
widely and seizes it, and it is finally passed down into the 
digestive cavity. Hydtfe can often be seen with their bodies 
bulged out in one or more places by recently swallowed 
water-fleas. 

The precise structure of Hydra is best made out by cutting 
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it into a series of extremely thin sections and examining 
them under a high power. The appearance presented by a 
vertical section through the long axis of the body js shown 
in Fig. 51. 

The whole animal is seen to be built up of cells, each 
consisting of protoplasm with a large nucleus (p, «a), and 
with or without vacuoles. As in the case of most animal 
cells, there is no cell-wall. Hydra is therefore a solid aggre- 
gate ; but the way in which its constituent cells are arranged 
is highly characteristic and distinguishes it at once from a 
plant. 

The essential feature in the arrangement of the cells is 
that they are disposed in two layers round the central 
digestive cavity or enteron (a, en/, cav) and the cavities of 
tentacles {ent. cav). So that the wall of the body is formed 
throughout of an outer layer of cells, the ectoiemi (ecf), and 
of an inner layer, the mdoderm (end), which bounds the 
enteric cavity. Between the two layers is a delicate trans- 
parent membrane, the t/iesogliea, or supporting lamella {msgl). 
A transverse section shows that the cells in both layers are 
arranged radially (b). 

Thus Hydra is a two-layered or diploblastie animal, and 
may be compared to a chimney built of two layers of radially 
arranged bricks with a space between the layers filled with 
mortar or concrete. 



Accurate examination of thin sections, and of specimens 
teased out or torn into minute fragments with needles, shows 
that the structure is really much more complicated than the 
foregoing brief description would indicate. 

The ectoderm cells are of two kinds. The first and most 
obvious (b, eet and c), are large cells of a conical form, the 
bases of the cones being external, their apices internal. Spaces 




A Vertica! section of the enure animal, snowing u.i: ..... 
posed of ectodem. («/) and endoderm (rmf), enclosmg an 
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Fell as the two layers, is continued {eni. cav') inlo 

e lentacles, and opens externally by the mouth (mlA) at the apex of 

e hypostome (Ayf). Between the ectoderm and endoderm is the 

' me30gl(eA (^visgTi, represetited by a black line. In the ectoderm are seen 

[ large («/<■) and small (h/c') nemalocysts : some of the endoderm cells 

' are putting out pseudopods (//rf), others fiagella {/I). Two bnds (iW, 

id") in diflerent stages of development are shown on the left side, and 

on the right a spermary (sM and an ovary {ovy) containing a single 



large ectoderm cells (t^rl) and interstitial ceTls {in/, c) : 
{cnil) enclosing nematocysts {nU), and one of ihem produced into a 
cnidocil {cnc) : the layer of muscle -processes [m. fr) cut across just 
I external to the mesoglcea {""gl) ■ endoderm ceCs (^nrf) with lai^ 
vacuoles and nuclei (iih), psendopods (/irf), and llagella (j?). The 
endoderm cell to the right has ingested !i diatom (ii), and all enclose 
minute black granules. 

c, two of the large ectoderm cells, showing nucleus (nrt) and muscle- 
process (jn. /a-). 

D, an endoderm cell of H. viridis, showing nucleus (»«), nuni£ 
chromalophores [cfir), and an ingested nematocyst (iilc). 

E, one of the latter nematocysts wilh extruded Ihread barbed ai 



F, one of the smaller nematocysis. 

c, a single sperm. 

(i) after I.ankester : F and G after Howi 
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are necessarily left between their inner or narrow ends, and 
these are filled up with the second kind of cells (/«/. c), small 
rounded bodies which lie closely packed between their larger 
companions and are distinguished as interstitial cells. 

The inner ends of the large ectoderm cells are continued 
into narrow, pointed prolongations (c, m. pr), placed at right 
angles to the cells themselves and parallel to the long axis of 
the body. There is thus a layer of these longitudinally- 
arranged niuscle-proasses lying immediately external to the 
mesogiosa (b, m. pr). They appear to possess, like the axial 
fibre of Vorticella (p. lag), a high degree of contractility, the 
almost instantaneous shortening of the body being due, in 
great measure at least, to their rapid and simultaneous 
contraction. It is probably correct to say that, while the 
ectoderm cells are both contractile and irritable, a special 
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Fig. ■ii.—Hydra. 
nalocfsl coDtained In its cnidobl.-ut (fnh), showing ihe c 
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d [he cnidncil (en . 

B, The «ame after extrusion of the thread, showing the lai^et and 
imnller barbs al the base of the ihrend. nu, the iracleus of the 
cnidobliixi. 

c, A cnidoblasi, with ils comained nematocj^t, connected witb one 
of the procescs of a nerve-cell \.nv. i:\, 

(After SchneEder.) 



degree of contractility is assigned to the muscle-processes 
while the cells themselves are eminently irritable, the slightest 
stimulus applied to them being followed by an immediate 
contraction of the whole body- 
Imbedded in some of the large ectoderm cells are found 
clear, oval sacs (a and B, hA:), with very well defined walls, 
and called nematocysU. Both in the living specimen and in 
sections they ordinarily present the appearance shown in 
Fig. 51, B, nte, and Fig. 52 a, but are frequently met with 
in the condition shown in Fig. 51 e, and Fig. 52 b, that 
is, with a short conical tiibe protruding from the month of 
the sac, armed near its distal end with three recurved 
barbs, besides several similar processes of smaller size, 
and giving rise distally to a long, deHcate, flexible fila- 
ment. 

Accurate examination of the nematocysts shows that the 
Structure of these curious bodies is as follows :— each con- 
sists of a tough sac (Fig. 52, a), one end of which is turned 
in as a hollow pouch : the free end of the latter is continued 
into a hollow coiled filament, and from its inner surface 
project the barbs. The whole space between the wall of 
the sac and the contained pouch and thread is tensely filled 
with fluid. When pressure is brought to bear on the outside 
of the sac the whole apparatus goes off like a harpoon-gun 
(b), the compression of the fluid forcing out first the barbed 
pouch and then the filament, until finally both are turned 
inside out. 

It is by means of the nematocysts— the resemblance of 
which to the trichocysts of Paramcecium (p. 113) should be 
noted — that the Hydra is enabled to paraly/e its prey. Prob- 
ably some specific poison is formed and ejected into the 
wound with the thread : in the larger members of the group 
to which Hydra belongs, such as jelly-fishes, the nematocysts 



730 HYDRA LESS. I 

produce an effect on the human skin quite like the sting of 
a nettle. 

The nematocysts are formed in special interstitial cells 
called midoblasls (Fig. 51, v., mbl and Fig, 52), and arc thus 
in the first instance at a distance from the surface. But the 
cnidoblasts migrate outwards, and so come to lie quite 
superficially either in or between the Urge ectoderm cells. 
On its free surface the cnidoblast is produced into a delicate 
pointed process, the cnidocil or " trigger- hair " {mc). In all J 
probability the slightest touch of the cnidocil causes con- I 
traction of the cnidoblast, and the nematocyst thus com- I 
pressed instantly explodes. I 

Nematocysts are found in the distal part of the body, but I 
are absent from the foot or proximal end, where also there I 
are no interstitial cells. They are especially abundant in the I 
tentacles, on the knob-like elevations of which — due to little I 
heaps of interstitial cells^they are found in great numbers. I 
Amongst these occur small nematocysts with short threads J 
and devoid of barbs (Fig. 51, a, nid and f). I 

There are sometimes found in connection with the cnido- | 
blast small irregular cells with large nuclei : they are called 
nerve-cells (Fig. 52, c, nv. c), and constitute a rudimentary 
nervous system, the nature of which will be more con- 
veniently discussed in the ne.\t lesson (p. 244). 

The ectoderm cells of the foot differ from those of the rest 
of the body in being very granular (Fig. 51 a). The 
granules are probably the material of the adhesive substance 
by which the Hydra fixes itself, and are to be looked upon as 
products of destructive metabolism : i.e. as being formed by 
conversion of the protoplasm in something the same way as J 
starch-granules (p. 33), This process of formation in a celLl 
of a definite product which accumulates and is finally dis-1 
charged at the free surface of the cell is called secretion. 
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and the cell performing the function is known as a gland 
cell. 

The endoderm consists for the most part of large cells 
which exceed in size those of the ectoderm, and are re- 
markable for containing one or more vacuoles, sometimes 
so large as to reduce the protoplasm to a thin superficial 
layer containing the nucleus (Fig. 51, a and b, end). Then 
again, their form is extremely variable, their free or inner 
ends undergoing continual changes of form. This can be 
easily made out by cutting transverse sections of a living 
Hydra, when the endoderm cells are seen to send out long 
blunt pseudopods (psd) into the digestive cavity, and now 
and then to withdraw the pseudopods and send out from 
one to three long delicate flagella [fl). Thus the endoderm 
cells of Hydra illustrate in a very instructive manner the 
essential similarity of flagella and ])seudopods already re- 
ferred to (p. 51). In the hypostome the endoderm is thrown 
into longitudinal folds, so as to allow of the dilatation of 
the mouth in swallowing. 

Amongst the ordinary cndoderm-cells are found long 
narrow cells of an extremely granular character. They are 
specially abundant in the distal part of the body, beneath 
the origins of the tentacles, and in the hypostome, but are 
absent in the tentacles and in the foot. There is no doubt 
that they are gland-cells, their secretion being a fluid used 
to aid in the digestion of the food. 

In Hydra vJridis the endo derm-eel Is (d) contain chroma- 
tophores {chr) coloured green by chlorophyll, which performs 
the same function as inplants, so that in this species holozoic 
is supplemented by holophytic nutrition. There is reason 
for believing that the chromatophores are to be regarded as 
symbiotic algse, like those found in connection with Radio- 
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laria (p. 1 54). In H. fusca bodies resembling these chromato- 
phores are present, but are of an orange or brown colour, and 
devoid of chlorophyll. Brown and black granules occurring 
in the cells (b) seem to be due in part to the degeneration of 
the chromatophores, and in part to be products of excretion. 

Muscle-processes exist in connection with the endoderm 
cells, and they are said to take a transverse or circular 
direction, i.e., at right angles to the similar processes of 
the ectoderm cells. 

When a water-flea or other minute organism is swallowed 
by a Hydra, it undergoes a gradual process of disintegration. 
The process is begun by a solution of the soft parts due to 
the action of a digestive fluid secreted by the ghnd-cells of 
the endoderm : it is apparently completed by the endoderm 
cells seizing minute particles with their pseudopods and 
engulfing them quite after the manner of Amfebfe. It is 
often found that the protrusion of pseudopods during 
digestion results in the almost complete obliteration of the 
enteric cavity. 

It would seem therefore that in Hydra the process of 
digestion or solution of the food is to some extent at least 
intra-cellular, i.e., takes place in the interior of the cells 
themselves, as in Amceba or Paramcecium : it is however 
mainly extra-cellular or enteric, i.e., is performed in a special 
digestive cavity lined by cells. 

The ectoderm cells do not take in food directly, but are 
nourished entirely by diffusion from the endoderm. Thus 
the two layers have different functions : the ectoderm is pro- 
tective and sensory ; it forms the eicternal covering of the 
animal, and receives impressions from without : the endo- 
derm, removed from direct communication with the outer 
world, performs a nutrient function, its cells alone having 
the power of digesting food. 



INDIVIIDUATION 

The essential difference between digestion and assimilation 
is here plainly seen ; all the cells of Hydra assimilate, all 
are constantly undergoing waste, and all must therefore form 
new protoplasm to make good the loss. But it is the endo- 
derm cells alone which can make use of raw or undigested 
food : the ectoderm has to depend upon various products of 
digestion received by osmosis from the endoderm. 



It will be evident from the preceding description that 
Hydra is comparable to a colony of Amcebje in which par- 
ticular functions are made over to particular individuals — 
just as in a civilized comniimity the functions of baking and 
butchering are assigned to certain members of the commu- 
nity, and not performed by all. Hydra is therefore an ex- 
ample of individuation : morphologically it is equiva]ent 
to an indefinite number of unicellular organisms : but, 
these acting in concert, some taking one duty and some 
another, form, physiologically speaking, not a colony ol 
largely independent units, but a single multicellular in- 
dividual. 

Like so many of the organisms which have come tmder 
our notice. Hydra has two distinct methods of reproduction, 
asexual and sexual. 

Asexual multiplication takes place by a process of budding. 
A little knob appears on the body (Fig. 50, a, id"^), and is 
found by sections to arise from a group of ectoderm cells ; 
soon however it takes on the character of a hollow out- 
pushing of the wall containing a prolongation of the enteron, 
and made up of ectoderm, mesogltea, and endoderm, (Fig. 
51, A,&d^). In the course of a few hours this prominence 
enlarges greatly, and near its distal end six or eight hollow 
buds appear arranged in a whorl (Fig. 50, a, M-; Fig. 51, 
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A, iW-). These enlarge and take on the characters of ten- 
tacles : a mouth is formed at the distal end of the bud, 
which thus acquires the character of a small Hydra (Fig. 
50, A, 6d^). Finally the hud becomes constricted at its base, 
separates from the parent, and begins an independent ex- 
istence. Sometimes, however, several buds are produced at 
one time, and each of these buds again before becoming 
detached : in this way temporary colonies are formed. But 
the buds always separate sooner or later, although they 
frequently begin to feed while still attached. 

It is a curious circumstance that Hydra can also be mul- 
tiplied by artificial division : the experiment has been tried 
of cutting the living animal into pieces, each of which was 
found to grow into a perfect individual. 

As in Vaucheria and Nitella, the sexual organs or gonads 
are of two kinds, spermaries and ovaries. Both are found 
in the same individual. Hydra being, like the plants just 
mentioned, heriuaphrodUe or monacious. 

The spermaries (Fig. 50, b, and Fig. 51, a, spy) are white 
conical elevations situated near the distal end of the body ; 
as a rule not more than one or two are present at the same 
time, but there may be as many as twenty. They are per- 
fectly colourless, even in the green and brown species, being 
obviously formed of ectoderm alone. 

In the immature condition the spermary consists of 3 little 
heap of interstitial cells covered by an investment of some- 
what flattened cells formed by a modification of the ordinary 
large cells of the ectoderm. When mature each of the small 
internal cells becomes converted into a sperm (Fig. 51, g), 
consisting of a sraallovoid head formed from the nucleus of 
the cell, and of a long vibratile tail formed from its proto- 
plasm. By the rupture of the investing cells or wall of the 
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water. 

The ovaries (Fig. 50, b, and Fig. 51, a, ovy) are found 
near the proximal end of the bod> and \ary m number from 
one to eight When npe an ovary is larger than a sperraary, 
and of a hemispherical form It begins like the spennary, 
as an aggreg^t^o^ of interstitial cells so thit in their earlier 
stages the se\. of the gonads is indeterminate But nhile 
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Fig. 53. — -A, Ovum of Hydra viridis, showing pseudopods, nucleus 
(^z*), and numerous chromatophores and yolk spheres. 

B, a single yolk sphere. (From Balfour alter Kleinenberg. ) 

in the spermary each cell is converted into a sperm, in the 
ovary one cell soon begins to grow faster than the rest, 
becomes amceboid in form (Fig. sii a, w, and Fig. 53, a), 
sending out pseudojxids amongst its companions and ingest- 
ing the fragments into which they become broken up, thus 
continually increasing in size at their expense. Ultimately 
the ovary comes to consist only of this single amceboid 
ovum, and of a layer of superficial cells forming a capsule 
for it. As the ovum grows yolk-sphtres (Fig. 53), small 
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rounded masses of proteid material, are formed in it, and in 
Hydra viridis it also acquires green chromatophores. 

When the ovary is ripe the ovum draws in its pseudoix)ds 
and takes on a spherical form : the investing layer then 
bursts so as to lay bare the ovum and allow of the free access 
to it of the sperms. One of the latter conjugates with the 
ovum, producing an oosperm or unicellular embryo. 

The oosperm divides into a number of cells, the outer- 
most of which become changed into a hard shell or capsule. 
The embryo, thus protected, falls to the bottom of the water, 
and after a period of rest develops into a Hydra. As, how- 
ever, there are certain abnormal features about the develop- 
ment of this genus which cannot well be understood by the 
beginner, it will not be described in detail, but the very 
important series of changes by which the oosperm of a 
multicellular animal becomes converted into the adult will 
be considered in the next lesson. 
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It was stated in the previous lesson (p. 234) that in a 
budding Hydra the buds do not always become detached 
at once, but may themselves bud while still in connection 
with the parent, temporary colonies being thus produced. 

Suppose this state of things to continue indefinitely : the 
result would be a tree-like colony or compound organism 
consisting of a stem with numerous branchlets each ending 
in a Hydra-like zooid. Such a colony would bear much the 
same relation to Hydra as Zoothamnium bears to Vorticeila 
(seep. 134). 

As a matter of fact this is precisely what happens in a 
great number of animals allied to Hydra and known by the 
name of Hydroid polypes. 

Every one is familiar with the common Sertularians of the 
sea-coast, often mistaken for sea-weeds ; they are delicate, 
rauch-branched, semi-transparent structures of a horny con- 
sistency, the branches beset with little cups, from each of 
which, during life, a Hydra-like body is protruded. 

A very convenient genus for our purpose is Bougainvilha, 
a hydroid polype found as little tufts a few centimetres long 
attached to rocks and other submarine objects. Fig. 54, a 




showing the branched 



Fli^ 54- — Boiit;atirvillta i. 
I complefe hnng Lolonj of the natural si 
ind rool-like organ of attachment. 
B, a portion of the same magnilied, showing the brimched stem bear- 
ing hycfranths i,hyd) and medusae (mcd), one of the latter nearly mature, 
the others undeveloped : each hydranth has a circlet of tentacles (0 
surrounding a hypostome (hyp), and contains an enteric Cavity {ent. cav'^ 
continuous with a narrow canal [cni. ctcv') in the stem. The stem is 
covered by a cuticle (r»). 

c, a medusa after liberation from Ibe colony, showing the bell with 
tentacles (/), velum (&), manubrium {mhV), radial \rad. c) and circular 
\fir. e) canals, and eye-spots (m-). (After AUtnan.) 
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shows a colony of the natural size, e a part of it magnified : 
it consists of a much-branched stem of a yellowish colour 
attached by root-like fibres to the support. The branches 
terminate in little Hydra-like bodies called hydranlhs (b, 
hyd), each with a hypostome {hyp) and circlet of tentacles 
{t). Lateral branchlets bear bell-shaped structures or 
medusas {med) : these will be considered presently. 

Sections show that the hydranths have just the structure 
of a Hydra, consisting of a double layer of cells — ectoderm 
and endoderm — separated by a supporting lamella or 
mesoglcea and enclosing a digestive cavity {ent. cav.) which 
opens externally by a mouth placed at the summit of the 
hypostome. 

The stem is formed of the same layers and contains a 
cavity {ent. cav') continuous with those of the hydranths, 
and thus the structure of a hydroid polype is, so far, simply 
that of a Hydra in which the process of budding has 
gone on to an indefinite extent and without separation of 
the buds. 

There is however an additional layer added in the stem 
for protective and strengthening purposes. It is evident 
that a colony of the size shown in Fig. 54, a would, if formed 
only of soft ectodermal and endoderma! cells, be so weak as 
to be hardly able to bear its own weight even in water. To 
remedy this a layer of transparent, yellowish substance of 
homy consistency, called the cutkh, is developed outside 
the ectoderm of the stem, extending on to the branches and 
only stopping at the bases of the hydranths and meduSEe. 
It is this layer which, when the organism dies and decays, 
is left as a semi-transparent branched structure resembling 
the hving colony in all but the absence of hydranths and 
medusfe. The cuticle is therefore a supporting organ or 
skeleton, not like our own bones formed in the interior of 
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the body {(tiJosielelon), but like the shell of a crab or lobster 
lying altogether outside the soft parts {exoskeleton). 

As to the mode of formation of the cuticle : — we saw that 
many organisms, such as Amceba and Hfematococcus, form, 
on entering into the resting condition, a cyst or cell-wall, by 
secreting or separating from the surface of their protoplasm 
a succession of layers either of cellulose or of a transparent 
hom-hke substance. But Amceba and Htematococcus are 
unicellular, and are therefore free to form this protective 
layer at all parts of their surface. The ectoderm cells of 
Bougainvillea on the other hand are in close contact with 
their neighbours on all sides and with the mesoglcea at their 
inner ends, so that it is not surprising to find the secretion 
of skeletal substance taking place only at their outer ends. 
As the process takes place simultaneously in adjacent cells, 
the result is a continuous layer common to the whole 
ectoderm instead of a capsule to each individual cell. It is 
to an exoskeletal structure formed in this way, *,,;. by the 
secretion of successive layers from the free faces of adjacent 
cells, that the name cuticle is in strictness applied in multi- 
cellular organisms. 

The medusEe {b, med. and c), mentioned above as occur- 
ring on lateral branches of the colony, are found in various 
stages of development, the younger ones having a nearly 
globular shape, while when fully formed each resembles a 
bell attached by its handle to one of the branches of the 
colony and having a clapper in its interior. When quite 
mature the medusK become detached and swim off as little 
jelly-fishes (c). 

The structure of medusa must now be described in 
some detail. The bdl (c) is formed of a gelatinous sub- 
stance (Fig. 55, D, msgl) covered on both its inner and 



er surfaces by a thin layer of delicate cells {ect). The 
clapper-like organ or manubrium (Fig. 54, c and Fig. 55 d 
and d', mnli) is formed of two layers of cells, precisely 
resembling the ectoderm and endoderm of Hydra, and 
separated by a thin mesoglcea ; it is hollow, its cavity (Fig. 
55, D, ent. ca-ii) opening below, i.e. at its distal or free end, 
by a rounded aperture, the moulh {mth), used by the medusa 
for the ingestion of food. At its upper (attached or proxi- 
mal) end the cavity of the manubrium is continued into four 
narrow, radial canals {Fig. 54, c, rad. c, and Fig. 55, D and 
d' rad) which extend through the gelatinous substance of the 
bell at equal distances from one another, like four meridians, 
and finally open into a circular canal (cir. c) which runs 
round the edge of the bell. The whole system of canals is 
lined by a layer of cells (Fig. 55, d and d', end) continuous 
with the inner layer or endoderm of the manubrium ; and 
extending from one canal to another in the gelatinous sub- 
stance of the bell, is a delicate sheet of cells, the etidoderfu- 
lamella {v>\ end. la). 

From the edge of the bell four pairs of tentacles (Fig. 54, 
c and Fig. 55, d, t) are given off, one pair corresponding to 
each radial canal, and close to the base of each tentacle is 
a little speck of pigment (Fig. 54, oc), the ocellus or eye-spot. 
Lastly, the margin of the bell is continued inwards into a 
narrow circular shelf, the velum (v). 

At first sight there appears to be very little resemblance 
between a medusa and a hydranth, but it is really quite 
easy to derive the one form from the other. 

Suppose a short hydranth or Hydra-like body with four 
tentacles (Fig. SS, a, a') to have the region from which the 
tentacles spring pulled out so as to form a hollow, trans- 
versely extended disc (e). Nest, suppose this disc to become 
bent into the form of a cup with its concavity towards the 
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on of the same IhroUEh ihe plana a /'. 

B, the tentacular region is extended into a hollow disc. 

c, the lentacnJar region has been further extended and bent into a 
beil-like form, the enteric cavity being continued into the bell {eni. cav') : 
the hyposlorae now forms a manubrium \.muh). 

(f, Iransverse section of the same through the plane a b, showing the 
continuous cavity {eni. cia/) in the bell. 

D, fully formed medusa \ the cavity in the bell is reduced to the 
radiating i^rad) and circular {fir. c) canals, the velum {ii\ is formed, 
and a doable nerve-ring («o, m/) is produced from the ectoderm. 

□', transverse section of the same through the plane a i, showing the 
four radiating canals (roi^ united by the endoderm-lamelIa((Brf. /a), 
produced by partial obliteration of the c< ..... — . 



hypostome, and to undergo a great thickening of its raeso- 
gloea. A form would bt produced like c, i.e. a medusa-like 
body with bell and manubrium, but with a continuous cavity 
(c', enf. cav') in the thickness of the bell instead of four 
radia! canals. Finally, suppose the inner and outer walls 
of this cavity to grow towards one another and meet, thus 
obliterating the cavity, except along four narrow radial areas 
(d, rad) and a circular area near the edge of the bell 
(d, «>. c). This would result in the substitution for the 
continuous cavity of four radial canals opening on the one 
hand into a circular canal and on the other into the cavity 
of the manubrium {ent. caj<), and connected with one another 
by a membrane — the endoderm-lamella {end. la) — indi- 
cating the former extension of the cavity. 

It follows from this that the inner and outer layers of the 
manubrium are respectively endoderm and ectoderm : that 
the gelatinous tissue of the bell is an immensely thickened 
mesogltea : that the layer of cells covering both inner and 
outer surfaces of the bell is ectodermal : and that the layer 
of cells lining the system of canals, together with the 
endoderm-lamella, is endodermal. 

Thus the medusa and the hydranth are similarly con- 
structed or >to/iwlagoiis structures, and the hydroid colony, 
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like Zoothamnium (p. 136), is dimorphic, bearing zooids of 
two kinds. 

ITie ectoderm cells of the hydranth bear muscle-processes 
like those of Hydra (p. 227, Fig. 51, c) : in the medusse 
similar processes are found on the inner concave side of the 
bell and in the velum. Sometimes, however, the place of 
these processes is taken by a layer of spindle-shaped fibres 
(Fig. 56, a), many times longer than broad, and provided 
each with a nucleus. Such muscle-fibres are obviously cells 
greatly extended in length, so that the ectoderm cell of 
Hydra with its continuous vaasf^^-procesi is here represented 
by an ectoderm cell with an adjacent musc!e-«//. 
thus get a partial intermediate layer of cells between 
the ectoderm and endoderm, in addition to the gelatinous 
mesoglcea, and so, while a hydroid polyp is, like Hydra, 
diploblastk (p. 225), it shows a tendency towards the as- 
sumption of a three-layered or triplublastic condition. Both 
the muscle-processes and muscle-cells of the medusse differ 
from those of the hydrant hs in exhibiting a delicate 
transverse striation (Fig. 56). 

Sooner or later the medusfe separate from the hydroid, 
colony and begin a free existence. Under these circum-' 
stances the rhythmical contraction — i.e. contraction takingi 
place at regular intervals — of the muscles of the bell causes 
an alternate contraction and expansion of the whole organ, 
so that water is alternately pumped out of and drawn into it. 
The obvious result of this is that the medusa is propelled 
through the water by a series of Jerks. 

There is still another important matter in the structure of 
the medusa which has not been referred to. At the junction 
of the velum with the edge of the bell there lies, imme- 
diately beneath the ectoderm, a layer of pecubar branched 
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cells (Pig, 56, E, «. c), containing large nuclei and produced 
3 long fibre-like processes. These mrve-ceUs (see p. 230) 
are so disposed as to form a double ring round the margin 
of the bell, one ring (Fig, 55, d, mi) being immediately 
above, the other {nv') immediately below the insertion of 
the velum. An irregular network of similar cells and fibres 




:, portion of the nerve-ring of ihe same, showing two large nervc- 
s (n, f) and muscle-fibres (w. ■■) on either side. (After von Len- 
denfeld.) 

occurs on the inner or concave face of the bell, between the 
ectoderm and the layer of muscle-fibres. The whole consti- 
tutes the nervous system of the medusa ; the double nerve-ring 
is the central, the network t)\Q peripheral nervous system. 

Some of the processes of the nerve-cells are connected 
with ordinary ectoderm-cells, which thus as it were connect 
the nervous system with the external world ; others, in some 
instances at least, are probably directly connected with 
muscle-fibres. 
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We thus see that while the manubrium of a medusa has 
the same simple structure as a hydranth, or what comi 
the same thing, as a Hydra, the bell has undergone a very 
remarkable difTerentiation of its tissues. Its ordinary ecto- 
derm cells instead of being large and eminently contractile 
form little more than a thin cellular skin or epithelium over the 
gelatinous mesoglcea ; they have largely given up the function 
of contractility to the muscle processes or fibres, and have 
taken on the functions of a protective and sensitive layer. 

Similarly the function of automatism, possessed by the 
whole body of Hydra, is made over to the group of specially 
modified ectodermal cells which constitute the central 
nen'ous system. If a Hydra is cut into any number of 
pieces, each of them is able to perform the ordinary move- 
ments of expansion and contraction, but if the nerve-ring 
of a medusa is removed by cutting away the edge of the 
bell, the rhythmical swimming movements stop dead : the 
bell is in fact permanently paralysed. 

It is not, however, rendered incapable of movement, for 
a sharp pinch, i.e. an external stimulus, causes a single con- . 
traction, showing that the muscles still retain their irritability. ■ 
But no movement takes place without such external stimulus, I 
each stimulus giving rise infallibly to one single contraction : 1 
the power possessed by the entire animal of independently* 
originating movement, i.e. of supplying its own stimuli, isl 
lost with the central nervous system. I 

Another instance of morphological and physiological,! 
differentiation is furnished by the pigment spots or ocelli I 
(Fig, 54, c, oc) situated at the bases of the tentacles. They I 
consist of groups of ectoderm cells in which are deposited ■ 
granules of deep red pigment. Their function is proved byj 
the following experiment. I 

If a number of medusce arc placed in a glass vessel of 
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a dark room, and a beam of light from a lantern is 
allowed to pass through the water, the animals are all found 
to crowd into the beam, thus being obviously sensitive to and 
attracted by light. If however the ocelli are removed this 
is no longer the case : the medusre do not make for the 
beam of light, and are incapable of distinguishing light from 
I darkness. The ocelli are therefore organs of sight. 



I 



In Zoothamnium we saw that the two forms of zooid were 
respectively nutritive and reproductive in function, the re- 
productive zooids becoming detached and swimming off to 
found a new colony elsewhere (p. 135). 

This is also the case with Bougainvillea : the hydranths 
are purely nutritive zooids, the medusre, although callable of 
feeding, are specially distinguished as reproductive zooids. 
The gonads are found in the walls of the manubrium, between 
the ectoderm and endoderm, some "medusic reproducing 
ovaries, others spermaries only. Thus while Hydra h 
moncecious, both male and female gonads occurring in the 
same individual, Bougainvillea is rf/irc/u«j, certain individuals 
producing only male, others only female ])roducts. 

In some Hydroids it has been found that the sexual cells 
from which the ova and sperms are developed do not originate 
in the manubrium of a medusa, but apparently arise ill the 
endoderm of the stem of the hydroid colony, afterwards 
migrating, while still small and immature, to their permanent 
situation where they undergo their final development.' In 
Bougainvillea, however, the reproductive products are said 
to originate in the manubrium. 



> This migration of the aexunl cells render 
origin in many cases a very difficull one. In 
rate, they arise in the ectaderm, but migrate 
very early stage. 
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The medusse, when mature, become detached and swim 
away from the hydroid colony. The sperms of the males 
are shed into the water and carried to the ovaries of the 
females, where they fertilize the ova, converting them, as 
usual, into oosperms. 

The changes by which the oosperm or unicellular embryo 
of a hydroid i)olype is converted into the adult are very 
remarkable. 

The process is begun by the oosperm, still enclosed 
within the body of the parent (Fig. 57, a), undergoing 
binary fission, so that a two-celled embryo is formed (b). 
Each of the two cells again divides (c), and the process is 
repeated, the embryo consisting successively of 1, 4, 8, 16, 
32, &c., cells, until a solid globular mass of small cells is 
produced (d, e) by the repeated division of the one large 
cell which forms the starting-point of the series. The embryo 
in this stage has been compared to a mulberry, and is called 
the rrwru/a a\ polyplast. 

So far all the cells of the polyplast are alike — globular 
nucleated masses of protoplasm squeezed into a polyhedral 
form by mutual pressure. But before long the cells lying 
next the surface alter their form, becoming cylindrical, with 
their long axes disposed radially (f). In this way a superficial 
layer of cells, or ectoderm^ is differentiated from an internal 
mass, or endoderm. 

The embryo now assumes an elongated form (g) and 
begins to exhibit slow, worm-like movements, finally escaping 
from the parent and beginning a free existence (h). The 
ectoderm cells are now found to be ciliated, and before long 
a cavity appears in the previously solid mass of endoderm 
cells : this is the first appearance of the enteron or digestive 
cavity. In this stage the embryo is called a plamila : it 
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Fig. 57. — Stiigcs in the developmcnl of two hydroid polypes, Lao- 
vitdca JUxuosa (A-h) and Eudendriutn tamonim (i-m). 

A, oosperm. 

B, two-celled, and c, four-celled stage. 
n, E, polyplast. 

F, G, formaiion of planula by differential ion of ectoderm and 
endoderm. 

In A-G the embryo is embedded in the mBtemal tissues. 

H, free swimming planula, showing ciliated ectoderm, and endoderm 
enclosing a narrow enteric cavity. 

I, planula, after loss of its cilia, about to affix itself. 

K, the same after fixation. 

L, Ilydra-like stage, still enclosed in cuticle, 

M, the same after rupture of the cuticle and liberation of the tentacles. 
(After Allman.) 

broader end being directed forwards in progression. It then 
loses its cilia and settles down on a rock, shell, sea-weed, or 
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Other submarine object, assuming a vertical position with its 
broader end fixed to the sujiport (i). 

The attached or proximal end widens into a disc of attach 
ment, a dilatation is formed a short distance from the free or 
distal end, and a thin cuticle is secreted from the whole 
surface of the ectoderm (k). From the dilated portion 
short buds arise in a circle : these are the rudiments of the 
tentacles : the narrow portion beyond their origin becomes 
the hypostome (l). Soon the cuticle covering the distal end 
is ruptured so as to set free the growing tentacles (m) ; an 
aperture, the mouth, is formed at the end of the hypostome, 
and the young hydroid has very much the appearance of a 
Jlydra with a broad disc of attachment, and with a cuticle 
covering the greater part of the body. 

Extensii-e budding next takes place, the result being the 
formation of the ordinary hydroid colony. 

Thus from the oosperm or impregnated egg-cell of the 
medusa the hydroid colony arises, while the medusa is 
produced by budding from the hydroid colony. The analogy 
with Nitella (p. 219) will be at once obvious : in each case 
there is an alternation of generations, the asexual genera- 
tions or agamobium (hydroid colony, pro-embryo of Nitella) 
giving rise by budding to the sexual generation or gamobiura 
(medusa, Nitella-plant), which in its turn produces the 
agamobium by a sexual process, i.e. by the conjugation of 
ovum and sperm. 

Two other Hydroids must be briefly referred to in con- 
cluding the present lesson. 

Floating on the surface of the ocean in many parts of the 
world is found a beautiful transparent organism called 
Diphyes. It consists of a long, slender stem (Fig. 58, a, a), 
at one end of which are attached two structures called 
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GENERAL CHARACTERS 

sivimming-belh (m, m) in form something like the bowl of a 
German pipe, while all along the stem spring at intervals 
groups of structures (c), one of which is shown on an enlarged 
scale at B. 

Each group contains, first, a tubular structure (b, n) with 
an expanded, trumpet-like mouth, through which food is 
taken : this is clearly a hydranth. From the base of the 
hydranth proceeds a single, long, branched tentacle or 
" grappling-line " (i), abundantly provided with nematocysts. 
Springing from the stem near the base of the hydranth is a 
body called a medusoid {g), very like a sort of imperfect 
medusa,^d like it containing gonads. Lastly, enclosing all 
those structures, much as the white petaloid bract of the 
coitimon Arum-lily encloses the flower-stalk, is a delicate 
folded membranous plate, to which the name bract, borrowed 
from botany, is applied. The whole organism is propelled 
through the water by the rhythmical contraction of the 
swimming-bells. 

Microscopic examination shows that the stem consists, like 
that of Bougainvillea, of ectoderm, mesoglcea, and endo- 
derm, but without a cuticle. The hydranth has a similar 
structure to that of Bougainvillea, only differing in shape and 
in the absence of tentacles round the mouth ; the medusoids 
are merely simplified medusa : the swimming- bells are prac- 
tically medusK in which the manubrium is absent : and 
both the bracts and grapi)ling-lines are shown by com- 
parison with allied forms to be greatly modified medusa-like 
structures, 

Diphyes is in fact a free-swimming hydroid colony which, 
instead of being dimorphic like Bougainvillea, h polymorphic. 
In addition to nutritive zooids or hydranths, it possesses 
locomotive zooids or swimming-bells, protective zooids or 
bracts, and tentacular zooids or grappling-lines. Morpho- 
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Fig. 58. — Dipkyes campanulata. 
■e colony, natural size, showing stem (a) bearing groups 01 
ning bells (ffi, m), the apertures of which are 



loids (e) and t' 
marked 0. 

B, one of the groups of zooids marked t in A, showing common stem 
(a), hydrantb («), mcdusoid (g), bract {I), and branched tentacle or 
grappling line (r). (From Gegenbaur.) 
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logical and physiological differentiation are thus carried 
much further than in such a form as Bougainvillea. 




Frc. sg. — A, Porpiia facifita (nat. aiie), from beneath, showiiw disc- 
like alem sarronnded by tentacles (/), a single functional hydranth (hy), 
and numerous moutbless hydranths (hy). 

B, VEttical section of P. midilerranta, showing the relative positions 
of the funntional {ky) and mouthless C^y} hydrantlis, the tentacles, 
and the chambered shell (j4). (a after Duperrey ; B from Huxley afier 
Kailiker.) 

Porpita is another free-swimming Hydroid, presenting at 
first sight no resemblance whatever to Diphyes, It has much 
the appearance of a flattened medusa (Fig. 59}, consisting 
of a circular disc, slightly convex above and concave below, 
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bearing round its edge a number of close-set tentacles, and 
under side a central tubular organ (Ay) with a ter- 
minal mouth, like tbe manubrium of a medusa, surrounded 
by a great number of structures like hollow tentacles {^y'). 
The discoid body is supported by a sort of shell having the 
consistency of cartilage and divided into chambers which 
contain air (b, s/t). 

Accurate examination shows that the manubrium -like 
body (/ly) on the under surface is a hydrantb, that the short, 
hollow, tentacle-like bodies {fiy') surrounding it are mouthless 
hydranths, and chat the disc represents the common stem oi 
Diphyes or Bougainville a. So that Porpita is not what it 
appears at first sight, a single individual, like a Medusa or a 
Hydra, but a colony in which the constituent zooids have 
become so modified in accordance with an extreme division 
of physiological labour, that the entire colony has the char- 
acter of a single physiological individual. 

It was pointed out in the previous lesson {p. 233) that 
Hydra, while morphologically the equivalent of an indefinite 
number of unicellular organisms, was yet physiologically a 
single individual, its constituent cells being so differentiated 
and combined as to form one whole. A further stage in this 
same process of individuation is seen in Porpita, in which not 
cells but zooids, each the morphological equivalent of an 
entire Hydra, are combined and differentiated so as to form 
a colony which, from the physiological point of view, has 
the characters of a single individual. 
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SPERMATOGENESIS AND OOGENESIS. THE MATURATION AND 
IMPREGNATION OF THE OVUM. THE CONNECTION BE- 
TWEEN UNICELLULAR AND DIPLOELASTIC ANIMALS 

In the preceding lessons it has more than once been stated 
that sperms arise from ordinary undifferentiated cells in the 
spermary, and that ova are produced by the enlargement 
of similar cells in the ovary. Fertilization has also been de- 
scribed as the conjugation or fusion of ovum and sperm. We 
have now to consider in greater detail what is known as to 
the precise mode of development of sperms {spermatogenesis) 
and of ova {oogenesis), as well as the exact steps of the pro- 
cess by which an oosperm or unicellular embryo is formed 
by the union of the two somal elements. The following 
description applies to animals : recent researches show that 
essentially similar processes take place in plants. 

Both ovary and spermary are at first composed of cells of 
the ordinary kind, the primitive sex-cells, and it is only by 
the further development of these that the sex of the gonad 
is determined. 

In the spermary the sex cells (Fig. 60, a) undergo repeated 
fission, forming what are known as the sperm-mother-cella 
(b). These have been found in several instances to be 
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distinguished by a peculiar condition of the nucleus. 

saw (p. 6s) that the number of chromosomes is constant in 
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Fig. 6o. — Sperniatogeoesis in the Mole-Cricket (Gryi/a/ai/ia). 

A. Primitive sex-cell, just prcparalpry to division, showing twelve 
chromosomes {cAr) ; c, the cenlcosome. 

B. Sperm-mother-cell, formed by the division of A, and containing 
twenty-four chromosomes. The centrosome has divided into two. 

c. The sperm -mother-cell has divided into two by a reducing divisionj 
each daughter cell containing twelve chromosomes. 

D. Ea.di daughter cell has divided again in the same manner, a. 
group of four spenn-cells being produced, each with six chromosomes. 

K. A single sperm-cell about to elongate to form a sperm. 

t. Immature sperm ; the sis chromosomes are still visible in the 

G. Fully farmed sperm. 
(After vom Rath.) 



any given animal, though varying greatly in difTerent species. 
In the formation of the sperm -mother-cells from the primitive 
ses-cells the number becomes doubled : in the case of 
the mole-cricket, for instance, shown in Fig. 60, while the 
ordinary cells of the body, including the primitive sex- 
cells, contain twelve chromosomes, the sperm-m other-cells 
contain twenty-four. 

The sperm-mother-cell now divides (c), but instead of its 
chromosomes splitting in the ordinary way (p. 66, Fig. 10) 
half of their total number — in the present instance twelve — 
jiasses into each daughter cell ; in this way two cells are 
produced having the normal number of chromosomes. The 
process of division is immediately repeated in the same 
peculiar way (d), the result being that each sperm-mother- 
cell gives rise to a group of four cells having half the normal 
number of chromosomes^ in the present instance six. The 
four cells thus produced are the immature sperras (e) : in 
the majority of cases the protoplasm of each undergoes a 
great elongation, being converted into a long vibratile thread, 
the tail of the sperm {f, g), while the nucleus becomes its 
more or less spindle-shaped htad. 

Thus the sperm or male gamete is a true cell, specially 
modified in most cases for active movement : its head, 
representing the nucleus, is directed forwards in progres- 
sion, its long tail, formed from the protoplasm, backwards. 
The direction of movement is thus the precise opposite of 
that of a monad (p. 36) to which a sperm presents a certain 
resemblance. This actively motile tailed form is, however, 
by no means essential : in many animals the sperms arc 
non-motile and in some they resemble ordinary cells. 

The peculiar variety of karyokinesis described above, by 
which the number of chromosomes in the sperm-mot hcr-c el Is 
is leducedby one-half, is known as a reducing division. 
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As already stated, the ova arise from primitive sex-cells, 
precisely resembing those which give rise to sperms. Thes 
divide and give rise to the egg-mofher-alls in which, as i 
the sperm- mother-cells, the number of chromosomes 
doubled. The egg-mot her-cel Is do not immediately underj 
division but remain [Missive and increase, often enormously 
in size, by the absorption of nutriment from surroundinj 
parts : in this way each egg-mother-cell becomes an ovum 
Sometimes this nutriment is simply taken in by osmosis, 
in other cases the growing ovum actually ingests neigh 
bouring cells after the manner of an Amceba. Thus 
developing egg the processes of constructive are vastli 
in excess of those of destructive metabolism. 

We saw in the second lesson (p. 33) that the products 
destructive metabolism might take the form cither of wast< 
products which are got rid of, or of plastic products which 
are stored up as an integral part of the organism. In th< 
developing egg, in addition to increase in the bulk of th< 
protoplasm itself, a foniiation of plastic products usuall' 
goes on to an immense extent. In plants the stored-up 
materials may take the form of starch, as in Nitella (p. 216) 
of oil, or of proteid substance : in animals it consists o 
rounded or angular grains of proteid material, known ; 
yolk-granules. These being deposited, like plums in 
pudding, in the protoplasm, have the effect of rendering tl 
fully-formed egg opaque, so that its structure can often be 
made out only in sections. When the quantity of yolk is 
very great the ovum may attain a comparatively enormous 
size, as for instance in birds, in which, as already mentioned 
(p. 68), the " yolk " is simply an immense egg-cell. 

When fully formed, the typical animal ovum {Fig. 61) 
consists of a more or less globular mass of protoplasm, 
generally exhibiting a reticular structure and enclosing al 
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larger or smaller quantity of yolk-granules. Surrounding 
the cell-body is usually a cell-wall or cuticle, often of con- 
siderable thickness and known as the vittlline membrane. 
The nucleus is large and has ihe usual constituents (p. 63) — 
nuclear membrane, nuclear matrix, and chromatin. As a 
rule there is a very definite nucleolus, which is often known 
as the germinal spot, the entire nucleus being called the 
I germinal vesicle. 

Such a fiilly-fornied ovum is, however, incapable of being 
fertilized or ofdeveloping into an embryo : before it is ripe for 




Fl& 61.— Ovum of a Sea-urchin (Toxeptuustes liiiidus), showing tho 
radiaUy-slriateii cell-waii (vitelline membrane}, the protoplasm coolain- 
ing yolk granules (vilellus), the large nucleus (germmal vesicle) with its 
network of chromatin, and a large nucleolus (germinal spot). (From 
Balfour after Herlwig.) 

conjugation with a sperm or able to undergo the first stages 
of yolk division it has to go through a process known as the 
maturation of the egg. 

Maturation consists essentially in a twice-repeated process 
of cell- division. The nucleus (Fig. 6a, a, nu) loses its mem- 
brane, travels to the surface of the egg, and takes on the 





KlR. 6i, — The' Maturation and Impregnntjon-of the Animal Ovum, 

A, portion of the ovum of a Round worm {Ascaris migalocepliala), 

showing the sperm (j/i) in the act of CDiijugation, and the unaltered 
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nucleus (iiu) of thu e^g, Ascaris being an nnima.1 in which the canjugu- 
tion of ovum and spccm takes place before the maturation of the former. 
In the nucleus, the nuclear membrane and matrix, and a band-like mass 
of chromatin are visible. The sperm of Ascaris is of peculiar form, and 
is non-motile. 

B, the aame at the commencement of maturation : the nucleus (»u) 
has travelled to the periphery of the egS '^"^ taken on the spindle form. 
In this and the two next figures the vitelline membrane is shown. 

c, formation of the first polar cell {p. c. i). 

D, the entire egg after the completion of maturation, showing the two 
polar cells, the fir^t {/i. c. l) adhering to Che vitelline membrane, the 
second, \,p. c. 2) to the surface of the protoplasm : the female pronucleus 
[pr. nil. ? ) ; and the sperm (sp), which has penetrated into the cell- 
protoplasm, but has not yet become converted into the male pro- 
nucleus. 

e', e', two stages in the conjugation of the pronuclei in Molluscs 
(e', Pterotrackta, vf, Phyllirhoi). 

In e' the male {pr. »a. i ) and female (fir, nil, 9 ) pronuclei arc 
separated : in e' they are applied by their fla.tleneil adjacent faces : in 
connection with each the cell -protoplasm has a radiating arrangement 
around one of the directive spheres ; the polar cells [p.c.l, p.c. 7.) are 
■hown. 

f'-f', three stages in the development of the nucleus of the oosperm 
in a Sea-urchin (Echinui micretuberculatui) : in f' the nucleus contains 
nine chromatin-fibres {ckrom. 9 ) derived from the female pronucleus, 
and a globular mass of the same (chram, S ) derived from the male pro- 
nucleus : the two directive spheres are nov/ situateil one at each end of 
the nucleus. In v- the male chromatin {ehrom, i ) has begun to unwind 
itself I in F there is no longer any distinction between male and female 
elements, the nucleus containing eighteen similar chromatin-threads. 

G, central portion oftheeggof a Wai-aiSx.-Q.Ti^\Bupagurus pridtauxO), 
showing the conjugation of the pronuclei. The male and female chro- 
matin-net works appear 10 be fused along the plane of union. The pro- 
nuclei are surrounded by finely-granular proloplasm devoid of yolk- 

[a-K after lioveri ; G after Weisniann and Ischikawa. ) 



form of an ordinary nuclear spindle (b, nu, see p. 65), Next, 
the protoplasm grows out into a small projection or bud, into 
which one end of the spindle projects (c). The usual pro- 
cess of nuclear division then taices place (Fig. 10, p. 64), 
one of the daughter nuclei remaining in the bud, the other 
in the ovum itself. Nuclear division is followed as usual by 
division of the protoplasm, and the bud becomes separated 
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as a small cell distinguished as the first polar cell (c — e 

(.,. i). 

was mentioned in a [irevious lesson {p. 200) that in 
some cases development from an unfertilized female gamete 
took place, the process —which is not uncommon among 
insects and crustaceans — being distinguished as partheno- 
genesis. It has been proved in many instances and may be 
generally true that in such cases the egg begins to develop 
after the formation of the first polar cell. Thus in partheno- 
genetic ova it appears that maturation is completed by the 
separation of a single polar cell. 

In the majority of animals, however, development takes 
place only after fertilization, and in such cases maturation 
is not complete until a second polar cell (d and e, p.c. 2) has 
been formed in the same manner as the first. The ovum 
has now lost a portion of its protoplasm together with three- 
fourths of its chromatin, half having passed into the first 
polar cell and half of what remained into the second ; the 
remaining one-fourth of the chromatin takes on a rounded 
form and is distinguished as the female pronucleus (d, 
pr.nu.1). 

The formation of both polar cells takes place by a 
reducing division, so that, while the immature ovum con- 
tains double the number of chromosomes found in the 
ordinary cells of the species, the mature ovum, like the 
sperm, contains only one-half the normal number. 

In some animals the first polar body has been found to 
divide after separating from the egg. In such cases the egg- 
mother-cell or immature ovum gives rise to a group of 
four cells — the mature ovum and three polar-cells ; just 
as the sperm-mother-cell gives rise to a group of four cells, 
all of which, however, become sperms. 

Shortly after, or in some cases before maturation the 
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ovum is fertilized by the conjugation with it of a single 
spemi. As we have found repeatedly, sperms are produced 
1 vastly greater numbers than ova, and it often happens 
that a single egg is seen quite surrounded with sperms, all 
apparently about lo conjugate with it. It has however been 
found to be a general rule that only one of these actually 
conjugates : the others, like the drones in a hive, perish 
without fulfilling the one function they are fitted to 
Ijerfomi, 

The successful sperm (a, sp) takes up a position at right 
angles to the surface of the egg and gradually works its way 
through the vitelline membrane until its head lies within the 

; protoplasm (d, sp). The tail is then cast off, and the 
head, penetrating deeper into the proto[)lasm, takes on the 
form of a rounded nucleus-like body, the t/ia/e pronucleus 
{■E\pr.nu. i). 

The two pronuclei, each accompanied by its directive 
sphere and centrosome, approach one another (e^, e^) and 
finally unite to form the single nucleus (y^ — r") of what is 

V not the ovum but the oosperm — the impregnated egg or 
unicellular embryo. The fertilizing process is thus seen to 
ist of the union of two nuclear bodies, one contributed 
by the male gamete or sperm, the other by the female 
gamete or ovum. It follows from this that the essential 
nuclear matter or chromatin of the oosperm is derived in 
equal proportions from each of the two parents. 

Moreover, as both male and female pronuclei contain only 
half the number of chromosomes found in the ordinary cells 
of the species, the union of the pronuclei results in the 
restoration of the normal number to the oosperm. 

There is reason for thinking that the directive spheres 0/ 
the sperm and ovum as well as their nuclei unite wnth one 
another : in this way the directive sphere of the oosperm 
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equal poporlions from the 



is derived, like its nucleus, 
two parents. 

Fertilization being tlius effected, the process of segmenta- 
tion or division of the oosperm takes place as described in 
the preceding lesson (p. 248), 

In concluding the present lesson, we shali consider 
briefly a point which has probably already struck the reader. 
Among the plant-forms which have come imder our notice 
there has been a very complete series of gradations from the 
simple cell, through the branched cell, linear aggregate, and 
superficial aggregate, to the solid aggregate, whilst among 
the animals already discussed there has so far been no 
attempt to fill up the very considerable gap between the 
unicellular Infusoria and Hydra, which is not only a solid 
aggregate, but has its cells arranged in two definite layers 
enclosing a digestive cavity. 

When we say that no attempt has been made to fill up 
this gap, we mean as far as adult forms are concerned. If 
the reader will turn to the account, in the previous lesson, of 
the development of hydroid polypes (p. 248), he will see that 
the facts there described do as a matter of fact help 
us to see a possible connection between unicellular 
animals and multicellular two-layered forms with mouth 
and digestive cavity. The oosperm of the hydroid (Fig. 
57, a) has the essential character of an Amceba, the 
polyplast (e) is practically a colony of Amcebx, and the 
planuia (h) a similar colony in which the zooids (cells) 
are dimorphic, being arranged in two layers with a central 
digestive cavity which finally communicates with the exterior 
by a mouth. In hydroids the mouth is not formed until 
sfter the appearance of the tentacles, but in a large propor- 

n of the higher animals the polyplast stage is succeeded 
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not by a mouthless planula but by a two-layered erabryo 
with a mouth at one end, called agas/ru/a (Fig. 63). This 
is a very important stage, since it exhibits in the simplest 
possible way the essential characteristic of a diploblastic 
inimal— a two-layered sac with mouth (B/^) and stomach 
(U), the outer layer of cells {£/:/) being protective and 
sensory, the inner {£nt) having a digestive function. The 




■planula of a hydroid may be looked uixm as a gastrnla in 
which the mouth has not yet appeared. 

AnotSer very important difference is the fact that in uni- 
cellular organisms reproduction is effected either asexual ly 
by the lission of the entire individual, or, in the case of 
I sexual reproduction, by two entire individuals undergoing 
[ conjugation. In multicellular forms, on the other hand, 
e ceDs are set apart for sexual reproduction. 




A. The entire colony, consisting of sislusii flagellate aooiils, enclosed 

B. Asexual reproduction ; each zooid has divided into sixleen, forming 
as many daughter families, still enclosed within the original gelatinous 
envelope. 

c. Sexual reproduction ; zooids are being set free from lh( ciilony, 
forming gametes. 

D. Conjugation of two gametes. 

E. The same after complete fusion. 

F. The immature zygote. 

G. The fully-formed q^ole. 

H. Protoplasm of zygote escaping from cell-wall. 
I. The same after acquisition of flagella. 

K. The same undergoing division and forming a yottng colony. 
(From Goebel.) 
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^B Th:re are several interesting organisms which help to 
^F bridge this gulf. Two of the more accessible and well- 
known forms will now be described. 

Pandorina (Fig. 64, a) is a colony consistmg of sixteen 
zooids closely packed in a gelatinous case of a globular 

»fbrm. Each zooid resembles in general characters a nio- 
rile H^matococcus or Euglena, having an ovoid cell-body 
coloured green by chlorophyll, a red pigment spot, and 
two flagella, which protrude through the gelatinous wall of 
the colony, and by their action impart to it a rotatory 
mo Yemeni. 

tin asexual reproduction each of the sixteen zooids divides 
1 and re-divides, forming at last a group of sixteen cells. In 
tfiis way sixteen daughter colonies are produced within the 
gelatinous envelope of the original mother colony (u). By 
the solution of the envelope the daughter colonies are set 
free, and each begins an independent existence. 

In sexual reproduction the zooids are set free singly from 
the colony (c). They swim about actively, approach one 
another in paiis, and conjugate (d), becoming completely 
fused together (e) to form a zygote (f). This increases in 
I size and develops a thick cell wall {g). After a period of 
rest, the protoplasm escapes from the cell wall (h), ])Uts out 
[ a pair of flagella (i), and swims about. Finally it settles 
V down, divides and re-divides, and so gives rise to a new 
[ colony (k). 

It is obvious that Pandorina resembles the jKilyplast 
tage of an embryo : moreover it is produced by the repeated 
I fission of a flagellula, just as the polyplast is formed by the 
t. repeated fission of an oosperm. 

The beautiful Volvox {Y\^i.b%3.wA.bb), one of the favourite 
I studies of microscopists, is a colony of Hiematococcus-Uke 
1 zooids arranged in the form of a hollow sphere containing a 




Fjg. 65. — Volvos glnbatur. 
A, the entire colony, Bnrface view, showing the biflagellate zooids and 



during sexual maturity, showing spermariea from the 
iurface {sfiy), in profile (-7^) and afier complete formation of sperms 



{spjT) : and 

c, four ^oids in optical st 
vacnole, vrith adjacent picrr 

d^-d', stages in the for 
lission of an asexual reprodi 

E, a ripe sperniary. 

V, a single sperm, showing pigment-spot (fg) and flagella (fi). 

G, an ovary containing a single ovum surrounded by several specma. 

H, oosperm enclosed in its spinosc cell wall. 

(a from Geddes and Thomson, after Kirchner ; B-H aflei' Colin. ) 



from the surface {ovy, ovy, Bvy"') and ii 



m, showing cell -wall, nucleus, conlmctile 

-spot, andfli^Ila [Ji.) 

lion of a colony by the repeated binary 



transparent mucilage. Each cell (c) has a nucleus, a con- 
tractile vacuole, a large green chromato|)liore, a small red 
pigment-spot like that of Euglena (p. 47) and two flagella. 
The cells are surrounded by thick mucilaginous cell walls 
which do not give the reaction of cellulose, but are probably 
formed of an allied carbohydrate. By the combined move- 
ment of all the flagella a rotating movement is given to the 
entire colony. 

Asexual reproduction takes place by certain of the zooids 




which are not ciliated, undergoing a process very like the 
segmentation of the hydroid egg (p. 248), dividing into 2, 4, 
8, 1 6, &C. cells (a, a, and d'^ — d*), and so forming a daughter 
colony which becomes detached and swims freely in the 
interior of the parent colony (a), by the rupture of which it 
is finally liberated. In sexual reproduction certain cells 
enlarge and take on the characters of ovaries (b, ovy, ovy', 
avy", my'", and Fig. 66, 0} the protoplasm of each forming 
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a single ovum : the protoplasm of others divides repeatedly 
and forms aggregations of sperms (b, spy^ spy\ spy\ and 
Fig. 66, s). By the conjugation of a sperm (f) with an 
ovum (g) an oosperm (h) is produced, and from this by 
continued division a new colony arises. 

Volvox is clearly comparable to a hollow polyplast, and 
further resembles the higher or multicellular animals in 
that certain of its cells are differentiated to form true sexual 
products. 
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POLVGORDIUS 



[.PoLTGORDiDS IS a minute worm, about 3 or 4 cm. in length, 
found in the European seas, where it lives in sand at a 
depth of a few fathoms. It has much the appearance of a 
tangle ofpink thread with one end produced into two delicate 
processes (Fig. 67, a). These, which are the tentacles, mark 
the anterior end of the animal — the opposite extremityi 
which in some species also bears a pair of slender processes, 
is the posterior end. As the creature creeps along, one side 
is kept constantly upwards and is distinguished as the dorsal 
aspect ; the lower surface is called ventral. 

The anterior end is narrower than the rest of the body, 
and is marked off behind by a groove (b and c) ; this 
[ division is called the prostomium {Pr. st) and bears the 
I tentacles {/) already mentioned in front and above ; and on 
\ each side a small oval depression (c, p) lined with cilia. 
f Immediately following the prostomium is a region cJe.iriy 
marked off in front, but ill-defined posteriorly, and known as 
\ the peristomium {Per. st) ; on its ventral surface is a trans- 
I verse triangular aperture the mouth {Mtk). 'ITie rest of 
I the body is more or less distinctly marked by annular 
I grooves (d and e, gr) into body-segments or rnetameres 



Fig. 67. — Poiysordiii! 



(apolita 



a, the living animil, dorsal aspect, about five times natural size. 

B, anterior end of the worm from the right side, more highly magni- fl 
fied, showing the proslomium (Fr. i/), peristomium (Per. si], tentacleaj 
((), with setie (i) and ciliated pit (c /). W 

c, ventral aspect of the same : letters as before except MlA, mouth. \ 

D, portion of body showing metameres {Mtmr) separated by grooves I 

E, posterior extremity from the ventral aspect, showing the last thre 
s {Mimr) separated by distinct grooves (gr), the anal see-.B 

' ' ■ ■' .5 {Ah), and a circlet of papilla (p^ I 
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K^/f/zr), the number of which varies considerably. Poly- 
Biordius is thus the first instance we have met with of a trans- 
• Versely segmented animal. The last or ana! seamen/ 
We, An. seg) differs from the others by its swollen form and 

■ fey bearing a circlet of little prominences or papillje (p) ; it 
lis separated frftm the preceding segment by a deep groove, 
I -Vnd bears at its posterior end a small circular aperture, the 
I anus (An). 

k I'olygordius may therefore be described as consisting of a 
fcnumbec of more or less distinct segments which follow one 
i-another in longitudinal series ; three of these, thepros/omium, 
t which lies altogether in front of the mouth, the peristomium, 
I which contains the mouth, and the anal segment, which 
I contains the anus, are constant ; while between the peri- 
I- stomium and the anal segment are intercalated a variable 
I number of metameres which resemble one another in all 
L essendal respects. 

K Polygordius feeds in much the same way as an earih- 
Kworm : it takes in sand, together with the various nutrient 
■matters contained in it, such as infusoria, diatoms, Sic, by 
Itfie mouth, and after retaining it for a longer or shorter time 
■in the body, expels it by the anus. It is obvious, therefore, 
■that there must be some kind of digestive cavity into which 
Rhe food passes by the mouth, and from which eifete matters 
Eire expelled through the anus. Sections {Fig. 68) show 
■ithat this cavity is not a mere space excavated in the interior 
Kof the body, but a definite tube, the enteric canal (a, b), 

■ which passes in a straight line from mouth to anus, and is 
■separated in its whole extent from the walls of the body 
KA, B. W.) by a wide space, the body cavity or aelotne (cal). 
KSo that the general structure of Polygordius might be imi- 
■tated by taking a wide tube, stopping the ends of it with 
Kcorks, boring a hole in each cork, and then inserting through 
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. Between ihe enteric canal and the body-wall is the avloine (Cai), 
Svided into right and left portions by the dorsal {D. A/es) and ventral 
K.K Jlfei) mesenteries, and into segmental compartments by the sepia 
liSefil). 

i Lying in the mesenleries are the dorsal (ZJ. y) and ventral (K y) 
I Idood-vesseU, connected by commissural vessels [Com. f) mnmng; in 
Ihe scpla 1 from the ktter go off recurrent vessels {/!. V) 

Nephridia {Njihni) are shown in the second and third metameres, 
each condstiiig oF a horizontal portion which perforates a septum and 
opens in the preceding s^ment by a nephrostome (Nph. si), and of a 
vertical portion which perforates the body-wall and opens ejltemally by 



ventral nerve-cord (V. Nv. Cd) by a 
{CEs. Com). 

B, diagrammatic longitudinal section showing the cell-layers. 
The cuticle is represented by a black line, the eetodenn is dotted 
' e endoderm radially striated, the mnscle-plales evenly shaded, ihe 
"'umic epithelium represented by a beaded line, and Ihe nervous 
:em finely dotted. 

The body-wall is tomposed of article (Cu), deric epithelium {Dcr. 
tpthiit), muscle-plates {,M. PI), and parietal layer of ccelomic epithe- 
■nm [Cal. Epthm). 

;nleric canal is formed of enteric epithelium (£'n/. Eptktn) 
by the visceral layer of crelomic epithelium [Cal. Epthm') ; in 
neighbourhood of the mouth {J///i) and anus {An) the enteric epithe- 
1 is ectodemial, elsewhere it is endodenual j Pk, pharynit ; Ois, 
iphagus; Int, intestine ; Kcl, rectum. 
The septa [Sepl) are fonned of muscle covered on both sides by cfElonaic 
^^thelium. 

Four nephridia {Nphm") with nephrostome {Nph. i()ajidnephridiopore 
{Npk. p) are shown. 

The brain [Br) and ventral nerve cord ( V. Nv. Cd) are seen to be in 
contact with the ectoderm : from the brain a nerve {nit) passes to the 
tentacle. 

c, diagrammatic transverse section showing the cell-layers as in B, 
: the cuticle (C«), deric epithelium {Der, Eptkni), muscle-plates 
PI.), and parietal layer of ccelomic epithelium {Cal. Epthm), forra- 
the body-wall ; and the enteric epltheliom {Etd. Efthm) nnd 
aal layer of ctelomic epithelium ( Cal. Eplkai), forming the enteric 

The dorsal {D. Mcs\ and ventral (f. Mes) mesenteries are seen to be 
fonned of a double layer of ccelomic epitheiium, and to enclose respec- 
tively the dorsal {D. V) and ventral ( V. V) blood-vessels. 

A nephridiuro (^/im) is shown on each side withnephrostome(.A^^. 
st) and nephridiopore Npk. p\. 

The connection of the ventral nerve-cord with the ectoderm (deric 
epithelium) is well shown. 

Fig. 71, A (p. 294), should be compared with this figure, as it 

an accurate representation of the parts here shown iliagrani- 
laticatly. 
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the holes a narrow tube of the same length as the wide onet 
The outer tube would represent the body-wall, the inner th« 
enteric canal, and the cylindrical space between the two thp 
ccelome. The inner tube would communicate with the i 
terior by each of its ends, representing respectively i 
and anus ; the space between the two tubes, on the othei 
hand, would have no communication with the outside. 

Polygordius is the first example we have studied of ^m 
coelomate animal : one in which there is a definite bodjq 
cavity separating from one another the body-wall and thi 
enteric canal, and in which therefore a transverse section c 
the body has the general character of two concentric circla 
(Fig 68, c). 

It will be remembered that a transverse section of Hydri 
has the character of two concentric circles, formed re^ 
spectively of ectoderm and endoderra (Fig. 55, a', p. 242), 
the two layers being, however, in contact or only separatet 
by the thin mesoglcea. At first sight then, it seems as if w 
might compare Polygordius to a Hydra in which the ectm 
derm and endoderm instead of being in contact wewj 
separated by a wide interval ; we should then compare th< 
body-wall of Polygordius with the ectoderm of Hydra arM 
its enteric canal with the endoderm. But this comparisc 
would only express part of the truth, 

A thin transverse section shows the body-wall of Fol}^ 
gordius to consist of four distinct layers. Outside is a thi^ 
transparent cuticle (Fig. 68, C, and Fig. 71, a, cu) showln 
no structure beyond a delicate striation. Next comes \ 
layer of epithelial cells (Der. Epthni), their long axes 1 
right angles to the surface of the body, and the boundaries 
between them very indistinct, so as to give the whole layea 
the character of a shuet of protoplasm with regularly dig 
posed nuclei : this is the deric epilheiium or epidermiA 
Within it is a rather thick layer of muscle-plates {M. J^M 
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ENTERIC EPITHELIUM 

having the form oflongfl.it spindles (Fig. 70, p. 287, M. PI.) 
exhibiting a delicate longitudinal striation and covered on 
l^heir free services with a fine network of protoplasm con- 
taining scattered nuclei. Each plate is arranged longitu- 
dinally, extending tlirougli several segments, and with its 
short axis perpendicular to the surface of the body (Fig. 71, 
M. PI.). It is by the contraction of the muscle-plates that 
the movements of the body, which resemble those of an 
earthworm, are produced. Finally, within the muscular 
layer and lining the ccelome is a very thin layer of cells, the 
cariomic epithelium (Cal. £pthm). 

A transverse section of the enteric canal shows only two 
layers. The inner consists of elongated cells (Ent. Epikni) 
fringed on their inner or free surfaces with cilia : these con- 
stitute the enteric epithelium. Outside these is a very thin 
layer of flattened cells {Cal. Epthm") bounding the ccelome, 
and hence called, like the innermost layer of the body-wall, 
ccclomic epithelium. We have, therefore, to distinguish 
two layers of ccelomic epithelium, an outer or parietal layer 
(Cal. Ept/im.) which Ones the body-wall, and an inner or tVj- 
ceral layer {Ccel. Epthm') which invests the enteric canal. 

We are now in a better position to compare the transverse 
section of Hydra and of Polygordius (Fig. 55, a', and Fig. 
68, c). The deric epithehum of Polygordius being the 
outermost cell-layer is to be compared with the ectoderm of 
Hydra, and its cuticle with the layer of the same name 
which, though absent in Hydra, is present in the stem of 
hydroid polypes such as Bougainvillea (p. 239) The enteric 
epithelium of Polygordius, bounding as it does the digestive 
cavity, is clearly comparable with the endoderm of Hydra. 
So thai we have the layer of muscle-plates and the two layers 
of ctelomic epithelium not represented in Hydra, in which 
their position is occupied merely by the mesogla;a. 



=78 



POLYGORDIUS 



vesa. 



But it will be remembered tbat in Medusse there is some- 
times found a layer of separate muscle-fibres between the 
ectoderm and the raesoglcea, and it vtas pointed out (p. 244) 
that such fibres represented a rudimentary intermediate cell- 
layer or mesoderm We miy therefore consider the muscular 
layer and the ccelomic epithehum of Polygordius as mesi>« 
derm, and we ma) say that in this animal the mesoderm i: 
divisible into an outer or somatic layer, consisting of th< 
muscle-plates and the panetal layer of ctelomic epithelium, 
and an inner or splanchnic layer consisting of the viscera! 
layer of ccelomic epithelium ' 

The somatic h\er is in contictwith the ectoderm or derii 
epithelium, and with it form"; the body wall ; the splanchnii 
layer is in contict with the endoderm or enteric epitheliunii 
and with it forms the enteric canal The ccelome separates 
the somatic and splanchnic layers from one another, and v. 
lined throughout bj ccelomic epithelium. 

The relation between the diploblistic polype and thi 
triploblastic worm may therefore be expressed in a tabulai 
form as follows — 



Hydroid. 


Polygtirdius. 


Cuticle . . . 


. . Cuticle. 


Ectoderm . . 


. . Deric epithelium or epidernii 




- Muscle-plates. 
Somatic J crelomic epithelium 




Mesoderm . . 


^'^y" \ (parietal layer). 


(rudimentary) 


Si>lanchnic 1 Crelomic epithelium 




layer t {visceral layer). 


Endoderm . . 


Enteric epithelium. 



1 In the majority of (he higher anim: 
between the enteric .ind crelomic epitheli 
and enteric canal consist of the same la; 
creloinic epithelium being inleroaJ in the 
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GENERAL STRUCTURE 

Strictly speaking, this comparisnn does not hold good of 
the anterior and posterior ends of the worm : at both mouth 
and anus the deric passes insensibly into the enteric epithe- 
lium, and the study of development shows (p. 298) that the 
ceils lining both the anterior and posterior ends of the canal 
are, as indicated in the diagram {Fig. 68, b), ectodennal. For 
this reason the terms deric and enteric epithelium are not 
mere synonyms of ectoderm and endoderm respectively. 

It is important that the student should, before reading 
further, understand clearly the general composition of a 
triploblastic animal as t)T;>ified by Polygordius, which may 
be summarised as follows : It consists of two tubes formed 
of epithelial cells, one within and parallel to the other, the 
two being conriniious at either end of the body where the 
inner tube (enteric epithelium) is in free communication 
with the exterior ; the outer tube {deric epithelium) is lined 
by a layer of muscle-plates within which is a thin layer of 
coelomic epithelium, the three together forming the body- 
wall; the inner tube {enteric epithelium) is covered ex- 
ternally by a layer of ccelomic epithelium which forms with 
it the enteric canal ; lastly, the body-wall and enteric canal 
are separated by a considerable space, the ccelome. 

The enteric canal is not, as might be supposed from the 
foregoing description, connected with the body-wall only at 
the mouth and anus, but is supported in a peculiar and 
somewhat complicated way. In the first place there are 
thin vertical plates, the dorsal and ventral mesenleries {Fig, 
68, A and c, D. Mes, V. Mes), which extend longitudinally 
from the dorsal and ventral surfaces of the canal to the body 
wall, dividing the cceJome into right and left halves. The 
structure of the mesenteries is seen in a transverse section 
(Fig. 68, c, and Fig. 71, a) which shows that at the middle 
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dorsal line the parietal layer of crelomic epithelium becomes 
deflected downwards, forming a two-layered membrane, the 
dorsal mesentery ; the two layers of this on reaching the J 
enteric canal diverge and pass one on either side of it, form- 
ing the visceral layer of ccelomic epithelium ; uniting again | 
below the canal, they are continued downwards as the ventral 
mesentery, and on reaching the body-wall diverge once more 
to join the parietal layer. Thus the mesenteries are simply 
formed of a double layer of ccelomic epitheHum, continuous 
on the one hand with the parietal and on the other with the 
visceral layer of that membrane. 

Besides the mesenteries, the canal is supported by trans- 
verse vertical partitions or stpia {Fig. 68, a and B, Stpi) which 
extend right across the body-cavity, each being perforated by 
the canal. The septa are regularly arranged and correspond 
with the external grooves by which the body is divided into 
metameres, Thus the transverse or metameric segmen- 
tation affects the ccelome as well as the body-wall. Each 
septum is composed of a sheet of muscle covered on both 
sides with ccelomic epithelium (b, Sepi). 

Where the septa come in contact with the enteric canal, 
the latter Is more or less definitely constricted so as to pre- 
sent a beaded appearance (a and e) ; thus we have segmen- 
tation of the canal as well as of the body-wall and ccelome. 

The digestive canal, moreover, is not a simple tube of I 
even calibre throughout, but is divisible into four portions. F 
The first or pharynx (Pfi) is very short, and can be pro- . 
truded during feeding ; the second, called the gullet 
(esophagus (Oes), is confined to the peristomium and is distin- I 
guished by its thick walls and comparatively great diameter yl 
the third or /«/«/(««(/«!') extends from the first metamerel 
to the last — i.e., from the segment immediately following;! 
the peristomium to that immediately preceding the anal I 
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f segment ; it is laterally compressed so as to have an 
elongated form in cross section {c, and Fig. 71, a) : the 
fourth portion or rectum {Ret) is confined to the anal seg- 
ment ; it is somewhat dilated and is not laterally compressed. 
The epithelium of the intestine is, as indicated in the 
I diagram (b), endodermal ; that of the remaining division of 
I the canal is ectodermal. The large majority of the cells in 
I, all parts of the canal are ciliated. 

The cells of the enteric canal and especially those of the 
[gullet are very granular, and like the endoderm cells of the 
I hypostome of Hydra (p. 231) are to be considered as gland 
[ cells. They doubtless secrete a digestive juice which, 
I mixing with the various substances taken in by the mouth, 
iolves the proteids and other digestible parts, so as to 
I allow of their absorption. There is no evidence of intra- 
I cellular digestion such as occurs in Hydra (p. 232), and it is 
[■ very probable that the i)rocess is purely extra-cellular or 
I enteric, the food being dissolved and rendered diffusible 
[■ entirely in the cavity of the canal. By the movements of 
I the canal^caused partly by the general movemeiits of the 
f body and partly by the contraction of the muscles of the 
I septa — aided by the action of the cilia, the contents are 
■ gradually forced backwards and the sand and other indi- 
igestible matters are expelled at the anus, 



The ccelome is filled with a colourless transparent 
I mlomic fluid in which are suspended minute, irregular, 
L colourless bodies, as well as oval bodies containing yellow 
[ granules. From the analogy of the higher animals one 
[ would expect these to be leucocytes (p. 56), but their 
I cellular nature has not been proved. 

The function of the ccelomic fluid is probably to distribute 
I the digested food in the enteric canal to all parts of the 
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body. Ill Hydra, ivhcro tliu- lining wall of the digestive | 
cavity is in direct contact with the simple wall of the body, 
the products of digestion can pass at once by diffusion frorn 
endoderm to ectoderm, but in the present case a means of 
communication is wanted between the enteric epithelium 
and the comparatively complex and distant body-wall. The 
peptones and other products of digestion diffuse through 
the enteric epithelium into the ca:lomic fluid, and by the o 
tinua! movement of the latter — due to the contractions of ! 
the body-wall — arc distributed to all parts, Thus the , 
external epithelium and the muscles, as well as the nervous I 
system and reproductive organs, not yet described, are 
wholly dependent upon the enteric epithelium for their 
supply of nutriment. 

We have now to deal with structures which we find for the 
first time in Polygordius, namely blood-vessels. Lying in 
the thickness of the dorsal mesentery is a delicate tube (Fig. 
68, A and c, O. V) passing along almost the whole length of 
the body ; this is the dorsal vessel. A similar venlral vessel I 
(V.V) is contained in the ventral mesentery,' and the two are 
placed in commtinication with one another in every segment i 
by a pair of commissural vessels (a, Com.v) which spring right 1 
and left from the dorsal trunk, pass downwards in or close 
behind the corresponding septum, following the contour of I 
body-wail, and finally open into the ventral vessel. Each [ 
commissural vessel, at about the middle of its length, gives 
off a recurrent vessel (R.V.) which passes backwards and . 



it Ihnt the dorsal and ventral vessels lie in the thickness I 
of the mesenteries requires qualification. As a mailer of fact, these I 
vessels are simply spaces formed by the divei^ence of the two layera of I 
epithelium composing Che meseotcry (Fig. 68, c, and Fig. 71, a) : only J 
their anterior ends have proper walls. 
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ends blindly. The anterior parts of the commissural vessels 
lie in the peristomium and have an oblique direction, one on 
each side of the gullet. The whole of these vessels form a 
single, closed vascular system, there being no communication 
between them and any of the remaining cavities of the 
body. 

The vascular system contains a fluid, the blood, which 
varies in colour in the different species of Polygordius, being 
either colourless, red, green, or yellow. In one species cor- 
puscles (? leucocytes) have been found in it. 

The function of the blood has not been actually proved 
in Polygordius, but is well known in other worms. In the 
common earthworm, for instance, the blood is red, the colour 
being due to the same pigment, hmmoglobin, which occurs 
in our own blood and in that of other vertebrate animals. 

Hemoglobin is a nitrogenous compound, containing, in 
addition to carbon, hydrogen, nitrogen, oxygen, and sulphur, 
a minute quantity of iron. It can be obtained pure in the 
form of crystals which are soluble in water. Its most 
striking and physiologically its most important property is 
it.s power of entering into a loose chemical combination with 
oxygen. If a solution of hfemoglobin is brought into contact 
with oxygen it acquires a bright scarlet colour, and the solu- 
tion is then found to have a characteristic spectrum distin- 
guished by two absorption-bands, one in the yellow, another 
in the green. Ixiss of oxygen changes the colour from scarlet 
to purple, and the spectrum then presents a single broad 
absorption-band intermediate in position between the two of 
the oxygenated solution. 

This property is of use in the folloiving way. All parts 
of the organism are constantly undergoing destructive meta- 
bolism and giving off carbon dioxide : this gas i.s absorbed 
by the blood, and at the same time the hiemoglobin gives up 



its oxygen to the tissues. On the other hand, whenever the 
blood is brought sufficiently near the external air — or water I 
in the case of an aquatic animal— the opposite process takes , 
place, oxygen being absorbed and carbon dioxide given off. 
Hjemoglobin is therefore to be looked upon as a respiratory 
or oxygen-carrying pigment ; its function is to provide the 
various parts of the body with a constant supply of oxygen, 
whiie the carbon dioxide formed by their oxidation is given 
up to the blood. The particular part of the body in which i 
the carbon dioxide accumulated in the blood is exchanged [ 
for the oxygen of the surrounding inedium is called . 
respiratory organ ; in Polygordius, as in the earthworm and 
many others of the lower animals, there is no specialised 
respiratory organ^lung or gill — but the necessary exchange 
of gases is performed by the entire surface of the body. 

In discussing in a previous lesson the differences between 
plants and animals, we found (p. 178) that in the unicellular 
organisms previously studied, the presence of an excretory 
organ in the form of a contractile vacuole was a characteristic 
feature of such undoubted animals as the ciliate infusoria, 
but was absent in such undoubted plants as Vaucheria and 
Mucor. But the reader will have noticed that Hydra and its 
allies h n j 1' ed excretory organ, waste products 
being app 1yd h rged from any part of the surface. 
In Polyg d w m once more with an animal in which 
excreto y g present, although, in correspondence 

with tl pi y f the animal itself, they are very 

differen h pie contractile vacuoles of Paramce- 

cium or V rt 11 

The ry g of Polygordius consist of little tubes , 

called t phnd f h ch each metamere possesses a pair, 
one on either side (Fig. 68, a, b, and c, Nphm). Each 
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nephridium (Fig. 69) is an extremely delicate tube consisting 
of two divisions bent at right angles. The outer division is 
placed vertically, lies in the thickness of the body-wall, and 
opens externally by a minute aperture, the mpkriiiopore 
{Figs. 68 and 69, Nph. p). The inner division is horizontal 
and lies in the ccelomic epithelium ; passing forward it pierces 
the septum which bounds the segment in front (Fig. 68, 
A and b), and then dilates into a funnel shaped extremity or 
nephrostome (Nph. st), which places its cavity in free com- 
munication with the coslome. The whole interior of the 
lube as well as the inner face of the nephrostome is lined 
with cilia which work outwards. 




IG. 69.— A nephiidium of Polygordius, showing the cilia lining (he 
\ tube, the ciliated funnel or nephroslome {JV/>A. si), and Uie external 
I aperture or oephridiopore (A^/i. /). (After Fraipont.) 

A nephridium may therefore be defined as a ciliated tube, 
lying in the thickness of the body-wall and opening at one 
I end into the ccelome and at the other on the exterior of 
the body. 

In the higher worms, such as the earthworm, the nephridia 
I are lined in part by gland-cells, and are abundantly supplied 
with blood-vessels. Water and nitrogenous waste from all 
parts of the body pass by diffusion into the blood and are 
i conveyed to the nephridia, the glaiid-cells of which withdraw 
waste products and pass them into the cavities of the 
I tubes, whence they are finally discharged into the surround- 
I ing medium. In all probability some such process as this 
[ takes place in Polygordius. 
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In discussing the hydroid polypes we found that one of 
the most important points of difference between the loco- 
motive medusa and the fixed hydranth was the presence in 
the former of a well-developed nervous system (p. 244) con- 
sisting of an arrangement of peculiarly modified cells, to 
which the function of automatism was assigned. It is 
natural to expect in such an active and otherwise highly- 
organized animal as Polygordius a nervous system of a 
considerably higher degree of complexity than that of a 
medusa. 

The central nervous system consists of two parts, the 
brain and the ventral nerve-cord. The brain (Fig. 68, a and 
B, Br^ is a rounded mass occupying the whole interior of 
the prostomium and divided by a transverse groove into two 
lobes, the anterior of which is again marked by a longitu- 
dinal groove. The ventral nerve-cord {V. Nv. Cd.) is a 
longitudinal band extending along the whole middle ventral 
line of the body from the peristomiura to the ana! segment. 
The posterior lobe of the brain is connected with the anterior 
end of the ventral nerve-cord by a pair of nervous bands, 
"^^ xsophageal connectives {(Ss. Con.) which jiass respectively 
right and left of the gullet. 

It is to be noted that one division of the central nervous 
system — the brain — lies altogether above and in front of the 
enteric canal, the other division — the ventral nerve-cord — 
altogether beneath it, and that, in virtue of the union of the 
two divisions by the cesophageal connectives, the enteric 
canal perforates the nervous system. 

It is also imiwjrtant to notice that the nervous system is 
throughout in direct contact with the epidermis or ectoderm, 
the ventral cord appearing in sections (Fig. 68, c, and Fig. 
7 r, a) as a mere thickening of the latter. 

Both brain and cord are composed of delicate nerve-fibres 
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r(Fig. 70, Nv. F^ interspersed with nerve-cells {Nv. C). In 
I the cord the fibres are arranged longitudinally, and the 
pi nerve-cells are ventral in position, forming a layer in inime- 




Fio. 70. — Diayra: 
pDlygoriJiDs. 

The deric epilbdiuni ^fi^r bplhm) is eilher iiidirecl contact wilh Ihi: 
cenlral nervous system (lower part of figute), or is connected by aflercnt 
nerves {of. tni.) with the inter- muscular plexus {itit. muse, flex,) : the 
latter is connected to the musdc-plates (J)/. PI) by efferent nerves {Bf, 



muscle-piates (M. PI), one of which is entire, while only the 
part of the other is shown, are invested by a delicate protoplasmic 
It, containing nuclei ("«), to which the efferent nerves can be 
'he details copied from FraiponL) 



with the deric epithelium. In the posterior 
lobe' of the brain the nerve-cells are superficial and the 
central ]jart of the organ is formed of a finely punctate 
substance in which neither cells nor fibres can be made 
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Ramifying through the entire muscular layer of the body- 
wall is a network of delicate nerve-fibres {inl. muse, pix.) 
with nerve-cells {Nv. C) at intervals, the inier-musmlar 
i>lexus. Some of the branches of this plexus are traceable 
to nerve-cells in the central nervous system, others {af. nv.) 
to epidermic cells, others [£/. nv.) to the delicate proto- 
plasmic layer covering the muscle -plates. 1'he superficial 
cells of both brain and cord are also, as has been said, 
direct connection with the overlying epidermis, imd from the 
anterior end of the brain a bundle of nerve-fibres {Fig. 68, b, 
/., J^v.) is given off on each side to the corresponding tentacle, 
constituting the Mrvd of that organ, to the epidermic cells of 
which its fibres are distributed. 

We see then that, apart from the direct connection of 
nerve-cells with the epidermis, the central nervous system is 
connected, through the intermediation of nerve fibres (a) 
with the sensitive cells of the deric epithelium and (i) with 
the contractile muscle-plates. And we can thus di 
two sets of nerve-fibres, (a) sensory or afferent (af. nv.) 
which connect the central nervous system with the ejjidermis, 
and {b) motor or efferent {£/. nv.) which connect it with the 
muscles. 

Comparing the nervous system of Polygordius with that 
of a medusa (p. 244) there are two chief points to be noticed. 
Firstly, the concentration of the central nervous system in 
the higher type, and the special concentration at the antefcr 
end of the body to form a brain. Secondly, the important 
fact that the inter-muscular plexus is not, like the peril 
nervous system of a medusa which it resembles, 
immediately beneath the epidermis (ectoderm) but li 
muscular layer, or, in other words, has sunk into the 
mesoderm. 
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would be a very difficult matter in so small an animal as 
Polygordius. But numerous experiments on a large number 
of other animals, both higher and lower, allow us to infer 
with considerable confidence the functions of the various 
parts in this particular case. 

»If a muscle be laid bare or removed from the body in a 
living animal it may be made to contract by the application 
of various stimuli, such as a smart tap (mechanical stimulus), a 
drop of acid or alkali (chemical stimulus), a hot wire (thermal 
stimulus), or an electric current (electric stimulus). If the 
motor nerve of the muscle is ieft intact the application to it of 
any of these stimuli produces the same effect as its direct 
application to the muscle, the stimulus being conducted 
along the eminently irritable but non-contractile nerve. 

» Further, if the motor nerve is left in connection with the 
central nervous system, i.e., with one or more nerve-cells, 
direct stimulation of these is followed by a contraction, and 
not only so, but stimulation of a sensory nerve connected 
with such cells produces a similar result. And finally, 
stimulation of an ectoderm cell connected, either directly 
or through the intermediation of a sensory nerve, with the 
nerve-cells, is also followed by muscular contraction. An 
I action of this kind, in which a stimulus applied to the free 

^^^^nsitive surface of the body is transmitted along a sensory 
^^Hherve to a nerve-cell or group of such cells and is then, as it 
^^Rrere, reflected along a motor nerve to a muscle, is called a 
reflex adien ; the essence of the arrangement is the inter- 
position of nerve-cells between sensory or afferent nerves 
(nected with sensory cells, and motor or efferent nerves 

cted with muscles. 
The diagram (Fig. 70) serves to illustrate this matter. 
B'he muscle-plate (M. PI.) maybe made to contract by a 
timulus applied {a) to itself directly, {b) to the motor fibre 
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{Ef. nv), {e) to the nerve-cells {Nv. C) in the central 
nervous system, or to those {Nv. C) in the inter-muscular 
plexus, {d) to the sensory fibre {of. nv.), or {e) to the 
epidermic cells {Der. Epthm.). 

In all probability the whole central nerv-ous system of 
Polygordius is capable of automatic action. It is a well- ■ 
known fact that if the body of an earthworm is cut into I 
several pieces each performs independent movements; ioJ 
other words, the whole body is not, as in the higher animals, 
paralysed by removal of the brain. There can, however, b^ 
little doubt that complete co-ordination, i.e., the regulationj^ 
of the various movements to a common end, is lost ■« 
the brain is removed. 

The nervous system is thus an all-important means t 
communication between the various parts of the organismfl 
and between the organism and the external world. The 3 
outer or sensory surface is by its means brought into I 
connection with the entire muscular system with such J 
perfection that the slightest touch applied to one end of the \ 
body may be followed by the almost instantaneous contrac- -] 
tion of muscles at the other. 



In some species of Polygordius the prostomium bears i 
pair of eye-specks, but in the majority of species the adult^ 
animal is eyeless, and, save for the ciliated pits (Fig. 67, ' 
B, f./), the function of which is not known, the only definite I 
organs of sense are the tentacles, which have a tactile T 
function, their abundant nerve-supply indicating that their I 
delicacy as organs of touch far surpasses that of the general J 
surface of the body. They are beset with short, fine ipto- I 
cesses of the cuticle called selte (Figs, 67 and 68, s), which J 
probably, like the whiskers of a cat, serve as conductors of I 
external stimuli to the sensitive epidermic cells. 
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There are two matters of general importance in connec- 
tion with the structure of Polygordius to which the student's 
attention must be drawn in concluding the present lesson. 

Notice in the first place how in this type, far more than in 
any of those previously considered, we have certain definite 
parts of the body set apart as organs for the performance of 
particular functions. There is a mouth for the reception of 
food, an enteric canal for its digestion, and an anus for the 
extrusion of fseccs : a ccelomic fluid for the transport of the 
products of digestion to the more distant parts of the body : 
a system of blood-vessels for the transport of oxygen to and 
of carbon dioxide from all parts ; an epidermis as organ of 
touch and of respiration : nephridia for getting rid of water 
and nitrogenous waste ; and a definite nervous system for 
regulating the movements of the various parts and forming 
a means of communication between the organism and the 
external world. It is clear that differentiation of structure 
and division of physiological labour play a far more obvious 
and important part than in any of the organisms hitherto 
studied. 

Notice in the second place the vastly greater complexity 
of microscopic structure than in any of our former types. 
The adult organism can no longer be resolved into more or 
less obvious cells. In the deric, enteric, and ccelomic 
epithclia we meet with nothing new, but the muscle-plates 
are not cells, the nephridia show no cell-structure, neither do 
the nerve-fibres nor the punctate substance of the brain. 
The body is thus divisible into tissues or fabrics each clearly 
distinguishable from the rest. We have epithelial tissue, 
cuticular tissue, muscular tissue, and nervous tissue : and 
the blood and coslomic fluid are to be looked upon as 
liquid tissues. One result of this is that, to a far greater 
extent that in the foregoing types, we can study the 
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morphology of Polygordius under two distinct heads : 
anatomy^ dealing with the general structure of the parts, 
and histology^ dealing with their minute or microscopic 
structure. 

One point of importance must be specially referred to in 
connection with certain of the tissues. It has been pointed 
out (p. 276) that the epidermis has rather the character of 
a sheet of protoplasm with regularly-arranged nuclei than of 
a layer of cells, and that the muscle-plates are covered with 
a layer of protoplasm with which the ultimate nerve-fibres 
are continuous (p. 277). Thus certain of the tissues of 
Polygordius tyihihiicontinuity of the protoplasm, a phenomenon 
which appears to be of wide occurrence both in animals 
and in plants. 
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POLYGOHDIUS {COHttnueit) 

Asexual reproduction is unknown in Polygordius, and 
the organs of sexual reproduction are very simple. The 
animal is dicecious, gonads of one sex only being found in 
each individual. 

In the species which has been most thoroughly investi- 
gated {P. neapolitanus) the reproductive products are formed 
in each metamere from the fourth to the last. Crossing 
these segments obliquely are narrow bands of muscle {Fig. 
71, A, O.M) and certain of the cells of cceloraic epithelium 
covering these bands multiply by fission and form little 
heaps of cells {Spy), each of which is to be looked upon as a 
gonad. There is thus a pair of gonads to each segment with 
the exception of the prostomium, the peristomium, the first 
three metameres, and the anal segment, the reproductive 
organs exhibiting the same simple meiameric arrangement 
as the digestive, excretory, and circulatory organs. It will 
be noticed that the primitive sex-cells, arising as they do 
from ccelomic epithelium, are mesodermal structures, not 
ectodermal as in hydroids (pp. 234 and 247). 

In the male the primitive sex-cells divide and sub-divide, 
I the ultimate products being converted into sperms (Fig. 71, 
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n of a male specimen t 

e gonads {spy) and ihe precise fonr 

IS layers represented diagrammatical ly ic 

The body-wall consisia of cuticle {Cu), deric epiflielium {Der. Efithm), I 

TDUscle-ptates {M. J'l), and parielal layer of ccelomic epilhelium (C/xl. I 

Epikm). The ventral nerve cord ( V. Nv. Cif) is shqwn li ' ' 

ovis with Ihc deric epithelium. 

The enteric canal conaL^ls of ciliated enteric epithelium [Enl. Epthm\m 
covered by the vlsceial layer of cirlomic epithelium (Cu-/. EptkttC\ : 
connecting it with the boily-wall are the dorsal and vi ' ' ' ' 

fonneii ofa double layer of ccelomic epithelium, a.nd 
lively the dorsal (/J. f) and ventral (K T) blood-vt 
I'assing obliquely across the ccelome are the abliqi 
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DEVELOPMENT 



The body-wall [Cu, Der. Epthm, M. PI) has undergone partial 
hUlological degeneration, and is ruptured in two places to allow of the 
escape of the ova {ov) which still fill the oxlomic spaces enclosed between 
the body-wall, the enteric canal {.Ent. Eflkm), and the septa {Sip). 
(Ailer Fraipont.) 

B : see p. 255) : in the female they enlarge immensely, and 
take on the character of ova {c, oi'). Multiplication of the 
sexual products takes place to such an extent that the whole 
ctelome becomes crammed full of either sperms or ova (c). 

In the female the growth of the eggs takes place at the 
expense of all other parts of the body, which undergo more 
or less complete atrophy : the epidermis, for instance, be- 
comes liquefied and the muscles lose their contractility. 
Finally rupture of the body-wall takes place in each segment 
(c), and through the slits thus formed the eggs escape. So 
that Polygordius, like an annual plant, produces only a 
single brood : death is the inevitable result of sexual 
maturity. Whether or not the same dehiscence of the 
body-wall takes place in the male is not certain : it has 
been stated that the sperms make their escape through the 
nephridia. 

Thus while there are no specialized gonaducts, or tubes for 
carrying off the sexual products, it is possible that the ne- 
phridia may, in addition to their ordinary function, serve 
the purpose of male gonaducts or spermiducts. Female gona- 
ducts or oviducts are however entirely absent. 

The ova and sperms being shed into the surrounding water, 
impregnation takes place, and the resulting oospenn under- 
goes segmentation or division (see p. 248), a polyplast being 
formed. By the arrangement of its cells into two layers and 
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the formation of an enteron or digestive cavity the [jolyplast 
becomes a gastrula (see p. 265) which by further develop- 
ment is converted into a curious free-swimming creature 
shown in Fig. 72, a, and called a trochosphere. 




ipolilanus ii 



: trochospher 



a of Polygordi 
stage ; from a living specimen. 

B, diagrajDmacic veriicat section of the Eame : the ectoderm is dotted, 
the endoderm radiallj' striated, the mesoderm evenly shaded, and the 
nervous system finely dotted. 



the apes of lie prostomium (upper hemisphere) are modified lo form the 
brain [Br) and a pair of ocelU {oc). 

The enteric canal consists of three parts ; the stomodEum (ii. dnC), 
opening externally by the mouth {Af(A), and lined by ectoderm ; the 
enteron fEiil) lined by endoderm ; and the proctodieiim [Pre. dtn), 
opening by the anus (Jh) and lined by ectoderm. 

Between the body-wall and the enteric canal is the larval body-cavity 
or hlastoccele (S/. cal). 

The mesoderm is confined to two narrow bands of cells (b and c, 
ii/id) in the blastoixele, one on either side of the proctodgeum ; slender 
mesoderroal bands {Ms(f) are also seen iu the prostomium in A. 

The cilia consists of a pne-oral circlet (Pi: or, ci) above the mouth, a 
post.otal circlet {Pt. 01: ci) below the month, and an anal circlet {An. 
ci) around the anus. 

(a after Fmjpont.) 

The trochosphere, or newly- hatched larva of Polygordiiis 
(Fig. 72, a) is about \ mm. in diameter, and has something 
the form of a top, consisting of a dome-like upper portion, 
the prostomium, produced into a projecting horizontal rim ; 
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lof an intermediate portion or peristomium, having the form 
F of an inverted hemisphere ; and of a lower somewhat conical 
I anal region. Aroimd the projecting rim is a double circlet 
of large cilia {Pr. or. ci) by means of which the larva is 
I propelled through the water. 

I Beneath the edge of the ciliated rim is a rounded aperture, 
I the mouth {Mth); this leads by a short, nearly straight 
I gullet {St. dm), into a spacious stomach {Enl), from the 
I lower side of which proceeds a short slightly curved intestine 
l-(/'rf, dm\ opening at the extremity of the conical inferior 
I region by an anus {An}. Between the body-wall and the 
I enteric panal is a space filled with fluid {Bl. ael), but, as we 
I shall see, this does not correspond ivith the body-cavity of 
I the aduit. The body-wall and the enteric canal consist each 
I of a single layer of epithelial cells, all the tissues included in 
I the adult under the head of mesoderm {p. 278) being absent 
I or so poorly developed that they may be neglected for the 
I present. 

I Leaving aside all detaUs, it will be seen that the trocho- 
L sphere of Polygordius is comparable in the general featm'es 
fcof its organization to a medusa (compare Fig. 55, p. 24^)1 
Bconsisting as it does of an outer layer of cells forming the 

■ external covering of the body and of an inner layer lining 

■ the digestive cavity. There are, however, two important 

■ differences ; the space between tlie two layers is occupied by 
r the mesoglcea in the medusa, while in the worm it is a cavity 

filled with fluid ; and the digestive cavity of the trochosphere 

has two openings instead of one. 

But in order to compare more accurately the medusa 
Lwith the trochosphere, it is necessary to fill up, by the help 
■of other types, an important gaji in our knowledge of the 
■development of Polygordius — the passage from the gastrula 

■ to the trochosphere. From what we know of the develop- 
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merit of other worms, the process, in its general features, 
is probably as follows : — 

The ectoderm and endoderm of the gastrula (Fig. 73, a) 4 
are not in close contact with one another as in Fig. 63 1 
(p. 265), but are separated by a space filled with fluid — the 1 
blasioaeU or larval body-cavity. The mouth of the gastrula I 
closes {B), the enteron {£nt), being thus converted into a 1 
shut sac. At about the same time the ectoderm is tucked 1 




Flc. 73. — Diagram illnstraliog Ihe origin of tiie trochospliere lioml 
the gaBtriila, The ectoderm is dotted, the endoderm striated. I 

A, gastroia, with enteton (£'«/) and gastrula. mouth {Gasl. STlh), and"! 
with the ectoderm and endoderm separated by the larval body-cavit j o; 
blastocosle {BI. cal). 

B, the gastrula-mouth has closed, the enteron {Ent) Iwcoming a shut I 

c, two ectodermHl pouches, the Gtomodxum {Si. dm) and proctodseQU 
(Pre. dm) have appeared. 

D, the stomodxum {Si. dm) and proctoda^iim {Pre. dm) have opened I 
into the enteron {Enl), forming a complete enteric cn.aal with mouth J 
{Mm and anus {An). 

in or invaginated at two places (C), and the two Httle'l 
pouches {St. dm. Pre. dm) thus formed grow inwards until T 
they meet with the closed enteron and finally open into it 1 
{D), so that a complete enteric canal is formed — formed, 
we must not fail to notice, of three distinct parts : (i) an I 
anterior ectodermal pouch, opening externally by the mouth, 1 
and distinguished as the stomodteum ; (a) the enteron, lined J 
with endoderm ; and (3) a posterior ectodermal pouch, I 
opening externally by the anus, and called the proctodeum. 
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In the trochosphere (Fig. 72) the gullet is derived from 
he stomodseura, the stomach from the enteron, and the 
intestine from the proctodeum ; so that only the stomach of 
the worm-larva corresponds with the digestive cavity of a 
medusa : the gullet and intestine are structures not repre- 
l sented in the latter form. 

Two or three other points in the anatomy of the trocho- 
\ sphere must now be referred to. 

At the apex of the dome-shaped prostomium the ecto. 
I derm is greatly thickened, forming a rounded patch of cells 
I (Figs. 72 and 74, Br), the rudiment of the brain. On the 
I surface of the same region and in close relation with the 
I brain is a pair of small patches of black pigment, the 
I eye-spots or ocelli (Oc). 

On either side of the intestine, between its epithelium and 

( the external ectoderm, is a row of cells forming a band 

which partly blocks up the blastoccele (b and C, Msd). These 

two bands are the rudiments of the whole of the meso- 

i dermal tissues of the adult — muscle, ccelomic epithelium, 

j &c.— and hence called mesodermal bands. 

Finally on either side of the lower or posterior end of the 
stomach is a delicate tube (Fig. 74, a, J^p/i) opening by a 
small aperture on to the exterior, and by a wide funnel- 
shaped extremity into the blastoccele ; it has all the relations 
of a nephridium, and is distinguished as the htad-kidney. 



As the larva of Polygordius is so strikingly different from 
I the adult, it is obvious that development must, in this, as in 
I several cases which have come under our notice, be accom- 
I panied by a metamorphosis. 

The first obvious change is the elongation of the conical 
I anal region of the trochosphere inlo a tail-like portion which 



may be called the iTunk (Fig. 74, a). The stomach 
(enteron), which was formerly confined to the pro- and peri- 
stomium, has now grown for a considerable distance into 




Fro. 74. — A, living specimen of nn a'lvanced trochosphen 
Polygordius neapolitanus, showing Ihe elongation of the ana! region lo 
form the tnml!. 

B, diagiammalic vertical section of the same : the ectoderm is coarsely, 
the nervous system finely, dotted, the endoderm radially striated, and 
the mesoderm evenly shaded. 

c, transverse section through the p! 

The pre-oral {Pr. or. «), post-oral (Ft. er. ci.), and anal {An. H) 
cilia, brain {Br\ ocelli (O), blastoc<ele {Bl), mouth (JI//-i), stomo- 
dieani (St. dm\ proctodieum {Pre. dm), and anas {Ati) as in Fig. 72, 
A : Ihe enteron {EtU) has extended some distance into the trunk. 

In A, slender mesodermal \a.iiA^{Msd. bd)ya the prostomium, and the 
branched head-kidney {.NpKi are shown. 

In s and c the mesoderm {Mid) is seen to have obliterated the blasto- 
ccele in the trunk -region : the ectoilerni has undergone a thickening, 
forming the ventral nerve-cord ( V. Nv. Cif). 

(a after Fraiponl. ) 

the trtink (b, oit), so that tbc iiroclod.-euin {Pre. dm) 
occupies only the portion in proximity lo the anus. 

Important internal changes have also taken place. The 
deric epithelium or external ectoderm is for the most part 
composed, as in the preceding stage, of n single layei 
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■cells ; but on that aspect of the trunk which lies on the same 
I-side as the mouth — i.e., to the left in Fig. 74, A and d— this 
\ layer has undergone a notable thickening, being now com- 
posed of se e al laye of cells. This ectodermal thickening 
3 the rud n en of he en tJ nerve-cord ( V. Nv. Cd), and 
1 the side of he unk on h ch appears is now definitely 
I marked 01 a he en I ss\ ec of the future worm, the 
opposite a pe — ha o 1 e ght in the figures — being 
dorsal. At a later .tage two ectodermal cords — the cesopha- 
geal connectives — are formed, connecting the anterior end of 
the ventral nerve-cord with the brain. Note that the two 
. divisions of the central nervous system are originally quite 
I, distinct. 

I The mesodermal bands, which were small and quite 
separate in the preceding stage (Fig. 72, b and c, Msd), 
have now increased to such an extent as to surround com- 
pletely the enteron and obliterate the blastoccele (Fig. 74, 
B and B, Msd). At this stage therefore there is no body- 
cavity in the trunk, but the space between the deric and 
enteric epithelia is occupied by a solid mass of mesoderm. 
In a word, the larva is at present, as far as the trunk is con- 
cerned, triploblastic but aecelomate. 

Development continues, and the larva assumes the form 
shown in Fig. 75, A. The trunk has undergone a great 
increase in length and at the same time has become divided, 
by a series of annular grooves, into segments or metameres, 
like those of the adult worm but more distinct (compare 
1 Fig. 67, D, p. 272). By following the growth of the larva 
I from the preceding to the present stage, it is seen that these 
1 segments are formed from before backwards, i.e., the seg- 
ment next the peristomium is the oldest, and new ones are 
I continually being added between the last formed and the 
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extremity of the trunk, or what may now be called the anal 
segment. By this process the larva has assumed the appear- 
ance of a worm with an immense head and a very slendt 

The original larval stomach (enteron) has extended, wit 
the formation of the mfctameres, so as to form the great< 
portion of the intestine : the proctodeum {Pre. dm) i 
confined to the anal segment. 

Two other obvious changes are the appearance of a pair 
of small slender processes (a, /) — the rudiments of the 
tentacles — on the apex of the prostomium, and of a circlet 
of cilia (Pr. an. ct) round the posterior end of the trunk. 

The internal changes undergone during the assumption of 
the present form are very striking. In every fully formed 
metamere the mesoderm^olid, it will be remembered, 
in the previous stage — has become divided into two layers, 
a somatic layer (b and c, Msd (som) ) in contact with the" 
ectoderm and a splanchnic layer {Msd {i/il) ) in contact 
with the endoderm. The space between the two layers 
{Cmi) is the permanent body-cavity or ccelome, which is 
thus quite a different thing from the larval body-cavity 
or blastoccele, being formed, not as a space between 
ectoderm and endoderm, but by the splitting of an 
originally solid mesoderm. 

The division of the mesoderm does not however extend 
quite to the middle dorsal and middle ventral lines : in both 
these situations a layer of undivided mesoderm is left (c), 
and in this way the dorsal and ventral mesenteries are 
formed. Spaces in these, apparently the remains of the 
blastoccele, form the dorsal and ventral blood-vessels. More- 
over the splitting process takes place independently in each 
segment and a transverse vertical layer of undivided 
mesoderm (b, Sep) is left separating each segment from the 




3. 75'^ — *■ iarva of Polygordius neapolitanus in a condition inter- 
mediate between the trochosphere and the adult worm, the trunk-region 
being elongated and divided into Dietnmeres. 

B, diagrammatic vertical section of the same : the ectoderm iscnarsely, 
the nervous system finely, dotted, the endoderai radially striated, and 
the mesoderm evenly shaded. 

c, transverse section alone the plane oj in B. 

The pre-oral {Pr. or. e^, post-oral {Ft. er. H), and anal {An. o") 
cilia, the blastoccele {Bl. Ctrl), stomodEeum {St. dm), and proctodteum 
{Pre. dm) are as in Fig. 72, A and B ; the enteron now extends through- 
out the segmented region of the trunk. 

A pair of tentacles (<) has appeared on the prostomium near the ocelli 
(0), and a pre-anal circlet of cilia {Pr. an. ci) is developed. 

The mesoderm has divided into somatic {Afsd [som) ) and splanchnic . 
[Midlspl]) layers with the coslome (CieO between : the septa (5ir/) arc 
formed by undivided plates of mesoderm separating the segments of the 
Cffilome from one another. 

d'-d', three stages in the development of the somatic mesoderm. In 
d' it {md {Sam) ) conaislB of a single layer of cells in contact with the 
deric epithelium {Dtr. Epthm) : in d' the cells have begun to split up 
in a radial direction : in d' each has divided into a number of radially 
anxnged sections of muscle-plates {M. PI) and a single cell of ctelomic 
epithelium {Cal. Eplhm). 

(A after Fraipont. ] 
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adjacent ones before and behind : in this way the septa 
arise. 

The nephridia ap])ear to have a double origin, the super- 
ficial portion of each being formed from ectodei 
deep portion, including the nephrostome, from the somatic 
layer of mesoderm. 

In the ventral nerve-cord the cells lying nearest the oute 
surface have enlarged and formed nerve-cells, while those oi 
the dorsal aspect of the cord have elongated longitudinal!) 
and become converted into nerve-fibres. This process 1 
already begun in the preceding stage. 

But the most striking histological changes are those which 
gradually take place in the somatic layer of mesoderm, 
first this layer consists of ordinary nucleated cells (d^, MsS 
{Som)\ but before long each cell splits up in a radial 
direction (d^) from without inwards — i.e., from the ectoderm 
i^Der. Epthni) towards the coslome— finally taking on the 
form of a book with four or more slightly separated leaves 
directed outwards or towards the surface of the body, and 
with its back — the undivided portion of the cell — bounding 
the ccelome. The cells being arranged in longitudinal si 
we have a number of such books placed end to end in 
a row with the corresponding leaves in contact — page one 
of the first book being followed by page one of the secondj 
third, fourth, &c., page two by page two, and so on through 
one or more segments of the trunk. Next, what we have 
compared with the leaves of the books — the divided 
portions of the cells — become separated from the backs- 
the undivided portions (r^) — and each leaf {M. Pf) fuses 
with the corresponding leaves of a certain number of books 
in the same longitudinal series. The final result is that th( 
undivided portions of the cells (backs of the books, Ccel, 
Efthm) become the parietal layer of ca;lomic epithelium, th( 
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I longitudinal bands formed by the union of the leaves 
J (J/. Fl) becoming the muscle-plates, which are thus all- 
Wfusions, each being formed by the union of portions of 
1 a series of longitudinally arranged cells. 

At the same time the cells of the splanchnic layer 
f of mesoderm thin out and become the visceral layer of 
f ccelomic epithelium. 

We see then that by the time the larva has reached the 

[ stage shown in Fig. 75, it is no longer a mere aggregate of 

\ simple cells arranged in certain layers. The cells them- 

I selves have undergone differentiation, some becoming modi- 

I lied into nerve-fibres, others by division and subsequent 

B fusion with their neighbours forming muscle-plates, while 

f others, such as the epithelial cells, remain almost tmaltered. 

IS, in the course of the development of Polygordius, 

' rail-multiplication and cell-differentiation go hand in hand, 

the result being the formation of those complex tissues the 

presence of which forms so striking a difference between the 

worm and the simpler types previously studied. 

^It is important to notice that this comparatively complex 
animal is in one stage of its existence— the oos[3erm — as 
simple as an Amoeba ; in another — the polyplast— it is com- 
parable to a Pandorina or a Volvox ; in a third — the 
gastrula — it corresponds in general features with a Hydra ; 
while in a fourth — ^the trochospbere — it resembles in many 
respects a Medusa. As in other cases we have met with, 
the comparatively highly-organized form passes through 
stages in the course of its individual development similar in 
general characters to those which, on the theory of evolution, 
its ancestors may be considered to have passed through in 
their gradual ascent from a lower to a higher stage of 
organization. 
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The rest of the development of Polygordius may be 
summarized very briefly. The trunk grows so much faster 
than the head (pro- plus peri-stomium) — that the latter under- 
goes a relative diminution in size, finally becoming of equal 
diameter with the trunk, as in the adult. The ciliated rings 
are lost, the tentacles grow to their full size, the eye-spots 
atrophy, and thus the adult form is assumed. 



LESSON XXVII 1 



THE GENERAL CHARACTERS OF THE I 



HER ANIMALS 



r The student who has once thoroughly grasped the facts of 
Structure of such typical unicellular animals as Amteba and 
the Infusoria, of such typical diploblastic animals as Hydra 
and Bougainvillea, and of such a typical triploblastic animal 
I as Polygordius, ought to have no difficulty in understanding 
the general features of the organization of any other members 
of the animal kingdom. When once the notions of a cell, a 
cell-layer, a tissue, body-wall, enteron, stomodasum, procto- 
diEum, ccelome, somatic and splanchnic mesoderm, are fairly 
understood, all other points of structure become hardly more 
than matters of detail. 

If we turn to any text-book of Zoology we shall find that 
the animal kingdom is divisible into seven primary sub- 
divisions, called sub-kingdoms, types, or phyla. These are 
as follows : — 

Protozoa. Coikjiterata. 

Vermes. Eckinodermata. 

Arthropoda. Mollmca. 

Verlebrata 

' Readers who have not studied zoology, or at least eitaroined a series 
f of selected animal types, should omit this lesson and go on to the next. 
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With a few exceptions, the discussion of which would be out 
of place here, the vast number of animals known to us may 
be arranged in one or other of these groups. 

The Protozoa are the unicellular animals : they have been 
represented in previous lessons by Amceba and Protamceba, 
Hsematococcus, Heteroraita, Euglena, the Mycetozoa, Para- 
mcecium, Stylonychia, Oxytricha, Opalina, Vorticella, Zooth- 
amnium, the Foraminifera, and the Radiolaria. According to 
many authors, Pandorina and Volvox are also included in 
this group. The reader will iherefore have no difficulty in 
grasping the general features of this phylum. 

The Ca:knleraia are the diploblastic animals, and have 
also been well represented in the foregoing pages, namely, 
by Hydra, Bougainvillea, Diphyes, and Porpita. The sea- 
anemones, corals, and sponges also belong to this phylur 

The Vermes, or Wonns, are a very heterogeneous assem- 
blage. They are all triploblastic, but while some 
ccelomate, others have no body-cavity; some, again, are 
segmented, others not. Still, if the structure of Polygordius 
is thoroughly understood, there will be little difficulty i 
understanding that of a fluke, a tape-worm, a round-wonv 
an earthworm, or one of the ordinary marine worms. 

Of the remaining four sub-kingdoms we have, so far, 
studied no example, but a brief description of a single 
typical form of each will show how they all conform to the 
general plan of organization of Poiygordius, being all triplo- 
blastic and ccelomate. 

Under the Echinodermata are included the various ldnd$ 
of starfishes — sand-stars, brittle-stars, and feather-stars, as 
well as sea-urchins, sea-cucumbers, &c. A starfish will serve 
as an example of the group. 

The phylum Arthropoda includes crayfishes, lobsters, 
crabs, shrimps, prawns, wood-lice, and water-fleas ; scorpionsj 
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spiders, and mites ; centipedes and milhpedes ; and all 
kinds of insects, such as cockroaches, beetles, fiies, ants, 
bees, butterflies, and moths. A crayfish forms a very fair 
type of the group. 

In the phylum Mollusca are included the ordinary bi- 
valves, such as mussels and oysters ; snails, slugs, and other 
univalves or one-shelled forms ; sea-butterfli^ ; and cuttle- 
fish, squids, and Octopi. An account of a fresh-water 
mussel will serve to give a general notion of the character 
of this group. 

Finally, under the head of Vertebrata are included all the 
backboned animals : the lampreys and hags ; true fishes, 
such as the shark, skate, sturgeon, cod, perch, trout, &c. ; 
amphibians, such as frogs, toads, newts, and salamanders ; 
true reptiles, such as lizards, crocodiles, snakes, and tor- 
toises ; birds ; and mammals, or creatures with a hairy skin 
which suckle their young, such as the ordinary hairy 
quadrupeds, whales and porpoises, apes, and man. The 
essential structure of a vertebrate animal will be understood 
from a brief description of a dog-fish. 

The Starfish.! 
A common starfish consists of a central disc-like portion, 
from which radiate five arms or rays. It crawls over the 
rocks with its ventral surface downwards, its dorsal surface 
upwards. It can move in any direction, so that, in the 
ordinary sense of the words, anterior and posterior extremi- 
ties cannot be distinguished. Radial symmetry such as this, 
i.e., the division of the body into similar parts radiating from 
a common centre, is characteristic of the Echinodermata 
generally. 

' For a detailed descnption of a Slorfi^h, sec Rolteston and Hatchctt 
Jackson, firmJo/yfuima/Zi/f (Oxford, 1888), pp. 190 and 3 H. 




Fig. 76.— Diagram malic sections of a Stnrfieh. 

A, vertical section passing on the right through a radius on the left 1 
through an Inter-radius. 'Ine off side of the a.iiibulacra1 groove with I 
the tube feet ( T. F) and ampulla (-4™/) are shown in perspective. 

B, transverse section through itn arm. 
The ectoderm is coarsely dotted, the nervous system finely dotted, thaM 

■ ' ■' ' nly shaded, the ass' ' 

n represented by a 

The body-wait consists of dene epithelium {D^. Epikvi), dennin 
(Zler/n), and the parietal layer of ctelomic epithelium \Cal. Epthvt). 1 

To the body-wall are attached pcdicellariiE {Fed), and the end of thefl 
arm bears a tentacle {I) with an ocellus (oc) at its base. ■ 

The skeleton consists of ossicles (oj) imbedded in the derm : largeB 
ambulacral ossicles (Amb. os\ bound the ambiilacral groov 
ventral surfaces of the arms. 

The mouth \Mth) leads by a short gullet into a stomach {St), which 
gives off a cardiac caecum {Cd. ca) and a pair of pjloric cxca (Pyl. c 
to each arm, and passes into an intestine (/»/) which gives off intes ' ' 
ciBca {Int. ot) to the inter-radii, and ends in the anus {An). 
pyloric ca:ca are connected 10 the dorsal body-wall by mesent 
\Mei. in bJ. The wall of the enteric canal consists of enteric epithelium 1 
covered by the viscetal layer of ccelomic epithelium {Oet. Ep/htn'). I 

From the coelome are given off respiratorj' tisca (A'«/. ea), whichj 
project through the body-wall ; the latter contains peri-hfcmal s 
{;*. h) derived from the cielome. 
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e circular blood-vessel (C. B. V) surrounds Ihe gullet and gives 
ff radial vessels {Rod. B. V) lo the arms and an inter-radiai plesus 
connected with a pentagonal ring round the intestine. 

The circular ambulacral vessel (C Amli. V) gives off radial vessels 
{Rod. Amb. V\ to the arms connected with the ampulife {Amp") and 
tube-feet KT.F): it ia also connected with the slone-canal {St. C\, which 
opens externally by the iiiadreporite (MJpr). 

kThe necve-ting \Nv. R) gives off radial nerves (Rad. Nti) lo the 
The ovaiy \pvy\ is inter-radial, and opens by a dorsal oviduct {flvd^. 



In the centre of the disc on the ventral surface is the large 

mouth (Fig. 76, a, Mth\ and from it radiate five grooves, 

one along the ventral surface of each arm (a and b). In the 

Liiving animal numerous delicate serai -transparent cylinders, 

l^the iubefeit {T. P), are protruded from these grooves; they 

Bare very extensible and each ends in a sucker. It is by 

■ moving these structures in various directions, protruding 
fcsome and withdrawing others, that the starfish is ahle to 
Kjnove along either a horizontal or a vertical surface, and 
fccven to turn itself over when placed with the ventral side 
■upwards. 

I Near the middle of the disc, on the dorsal surface, is the 
Bvery minute anus (a. An) ; it is situated on a line drawn 
K&om the centre of the disc to the re-entering angle between 

■ Fwo of the rays, and is therefore said to be inter-radial in 
Iposition. Near the anus, and also inter-radially situated, is 
Ka circular calcareous plate, the madreporite [Mdpr), per- 

■ forated by numerous microscopic apertures. Innumerable 
Lother calcareous plates, or ossicles {os), are embedded in 
m&ie body-wall, and constitute a skeleton, to which the firm 
liind resistant character 0/ the starfish is due. 

I Sections show that there is a well-marked cceJome, separ- 

■ ating the body-wall from the enteric canal and containing 
■the gonads, blood-vessels, &c. The body-wall consists ex- 
feernaliy of a very thin cuticle, then of a layer of deric 
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epithelium or e] 
fibrous layer {Derm) — the dermis or deep layer of the skin, 
then of a thin and interrupted layer of muscle, and finally, 
of a layer of ccelomic epithelium {Ctel. Epthni) bounding 
the body ca.vity. 

The dermis is formed of connective tissue, a substance not 
met with in Polygordius, formed by the elongation of meso- 
derm cells into wavy fibres. The ossicles of the skeleto; 
{(jj) are formed by deposits of calcium carbonate in the 
dermis ; the skeleton is therefore a dermal exoskeleton. 
The large ambulacral ossicles {Amb. os), however, which 
bound the ambulacral grooves, lie internal to the vessels 
(J?ad. B. v.. Sad. Amb. V.) and have an endoskeletal 
character. 

The enteric canal passes vertically from mouth (a, Mth) 
to anus {An), and is divisible into gtillet, stomach {St), and 
intestine (/«/). The stomach gives off five wide pouches 
{Cd. ca), one extending into the base of each arm, and 
above these five other pouches (Pyl. ae), each of which 
divides into two (b, Fyl. cte) and extends to the extremity 
of the corresponding arm. The intestine gives off smaller 
pouches {Int ex) which are inter-radial in position. Thus 
the enteric canal, like the body as a whole, exhibits radial 
symmetry. The canal is lined by enteric epithelium, mostly 
endodermal, and is covered externally by ccelomic epithelium 
{Co!l. Efthin-). 

Respiration is affected by blind, finger-like offshoots of the 
ccelome, the respiratory ccEca {Jiesp. cce), which pass between 
the ossicles of the skeleton and project on the surface of the 
body, thus bringing the ccelomic fluid into close relation 
with the surrounding water. 

The blood-system consists of a circular vessel (a, C. S. 
round the gullet, connected with a pentagonal vessel roi 



NERVOUS SYSTEM, ETC. 

\ the intestine by an elongated network or plexus of vessels. 

I From the circular vessel five radiating trunks {J?ad. B. V) 
3 the arms. 
Parallel with and above the circular blood-vessel is a 

I similar but larger structure, the fl/»5«/acr(i/r/n^(C -^wi. V) 
which also sends off five radiating vessels {Rod. Ainb. V) to 

I the arms. These give off a branchlet to each tube-foot 

[ (b, T.F.), the branchlet having a sac or ampulla {Amp) at 
e. From the ambulacral ring a tube with calcareous 

[walls, the stone-canal {St. C) passes upwards and ends 
n the madreporite (Mdpr), by the apertures in which the 
fluid filling the whole of the ambulacral system of vessels is 
placed in communication with the surrounding water. 

The function of the ambulacral system is mainly loconio- 

, live. By the contraction of the ampulias fluid is forced into 
the tube feet, and by the action of the muscles of the tube- 
feet it is sent back into the ampuOas, and in this way the 
lube-feet are protruded and retracted at the will of the 
animal. The system, which is peculiar to the Echinodormata, 
is lined with epithelium, continuous, in the larva, with the 
ccelomic epithelium. It has been compared to a gigantic 

!■ and greatly modified nephridium. 

The nervous system is 'very simple. It consists of a 
pentagonal ring (a, Nt. R) round the mouth giving off" 
five radial nerves (a and b, Rad. Nv) which pass along the 
ambulacral grooves, below the blood-vessels, to the ex- 
tremities of the arms, where each is connected with an eye- 
spot. Both nerve-ring and radial nerves are mere thicken- 
ings of the deric epithelium. 

The gonads (a, Ovy) are branched organs, five in num- 

[ her, which lie inter-radially near the bases of the arms, and 

\ open by gonaducts (Ovd) on the dorsal surface of the disc. 
The sexes are lodged in distinct individuals. 



THE CRAYFISH 

Both eggs and sperms are shed into the water, and after 
impregnation the oosperm becomes a gastrula, which is con- 
TCrted into a peculiar free-swimming larva ; this undergoes 
metamorphosis and is converted into the adult form. 



The Crayfish. 1 

In a crayfish or lobster the body is bilaterally symmetrical 
and is distinctly segmented, consisting of a prostomium and 
of nineteen metameres. The anterior twelve metameres are 
united with one another and with the prostomium to form an 
unjointed portion of the body, the cephalothorax (Fig. 77, 
A, C. Th.) : the seven posterior segments are free and con- 
stitute the abdomen {Aiii. Seg. i, At^. Seg.^ 7). It is very J 
generally characteristic of Arthropods to have the meta-| 
meres hmited and constant in number, and for more o 
fewer of them to undergo concrescence. 

Another distinctive arthropod character illustrated I b; 
the Crayfish is the possession of lateral appendages of thw 
body. These are given off from the ventral region, two pa 
being borne by the prostomium and one by each of t 
metameres, except the last. Moreover the appendages 
themselves are segmented, being divided into freely arti-J 
culated iimb-segments ot podomeres. 

In the Crayfish there is a marked differentiation of t 
appendages. Those of the prostomium are a pair of ey&j 
stalks, and one of small feelers or antennules which perfor 

' For detailed descriptions of the Crayfish see Huxley, The Crayfii, 
(London, 1S80) : Huxley and Marlin, Elementary Biology, 
(London, 1888), p. 173: Rolleston and Jackson, Forms of Anim 
Life (Oxford, 1888), pp. 162 and 307 : Marshall and Hiirsl, Prac 
Zoahgy, 3rii. ed. (London, 1892), p. 130 : and Parker, The SteUfoH 1 
IkiNm Zialaiid Crayfuhes (Wellington, N.Z., 1889). 
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xxvii STRUCTURE OF BODY-WALL 

an olfactory function and also contain the organ of hearing.' 
The metametes of the cephalothorax bear one pair of tactile 
appendages or antennre, six pairs acting as jaws (mandibles, 
first and second maxillEe, and first, second, and third raax- 
illipedes), and five pairs of legs, the first of which are^in 
the fresh-water crayfishes and in lobsters— much larger than 
the rest. The abdomen bears small fin-like swimmerets on 
its first five metameres, the sixth bearing larger appendages 
which, together with the seventh segment or telson, con- 
stitute the tail-fin. 

Sections show the body-wall to consist of a layer of deric 
epithehum {I)er. Epthni) secreting a thick cuticle (Cw), a 
layer of connective tissue forming the Dermis (Derm\ and 
a very thick layer of large and complicated muscles (M), 
which fill up a great part of the interior of the body. 

The cuticle (C«) is of great thickness, and except at the 
joints between the various segments of the body and limbs, 
is impregnated with lime sahs so as to form a hard, jointed 
armour. It thus constitutes a skeleton which, unlike that 
of the starfish (p. 312), is a ctiticular exoskeleton, forming a 
continuous investment over the whole body but discon- 
tinuously calcified. 

The mouth (_Mtli) is on the ventral surface of the head, 
in the segments of the mandibles or first pair of jaws. It 
has therefore, as compared with the mouth of Polygordius, 
undergone a backward shifting, the appendages of the first 
metamere (antennse) being altogether in front of it. The 
enteric canal consists of a short gullet (Gal), a large 
stomach (Si), and a straight intestine divisible into a short 
anterior division or small intestine {S. Jnt) and a long 
posterior division or large intestine (Z. Int) -. the latter 

' The antcnnules arc freqiienlly considered as helonging lo the first 
metamere, Ihe number of segmenls being then reckoned as iwcnly. 



GENERAL CHARACTERS 



^H The body is divided into a head (IfJ) and thoiax (TVi), tt^elher 

^F conslituling the cephalothorax (C. T/i), and seven free abdomina! 

segments (Aid. seg. l, Abd. seg. 7) : the head is produced in front into 

The body-wall consists of cuticle {Ctt), partly calcified to form the 
exoskelelon, deric epithelium \Der. Eflkm), dermis {Denn), and a 
very thick iayer of muscle {M) which in the abdomen is distinctly 
segmented. 

The month {Mlh) leads by a short gullet (C«/) into a large stomach 
(St), from which a short small intestine (S. Tnl) leads into a large in- 
(L. Ini), ending in the anus {An). Opening into the smai! 
.. . c are the di^tive glands (A C/). The epithelium of the small 
intestine and digestive glands is cndodermal, that of the rest of the canal 
is ectodermal and secretes a cuticle : the outer layer throughout is 
mesodermal (connective tissue and muscle). 

The cavity (B. S) between the enteric canal and the body-muscles is 

; The heart {Hf) is enclosed in the pericardial sinus {Per. S) : the 
''duef ventral blood-vessel or sternal artery {St. A) is shown in B. 
^ The gills (b, Gill) are endoaed in a cavity formed by a fold of the 
thoracic body-wall called the branchiost^le {Brslg) \ they are formed 
of the same layers as the body-wall, of which they are offshoots. 
The kidneys (a, K) are situated in the head. 

The brain (5rJ lies in the prostomium ! the ventral nerve-cord (K 
Nv. Cd) consists of a chain of ganglia (C») united by connectives. 
The ovary {evy) is a hollow oi^an opening by an oviduct (n, ovd) on 
e of the legs {Ltg). 
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Opens by an anus {An) on the ventral surface of the last 

segment- The study of development shows that the only 

part of the canal derived from the enteron of the embryo is 

the small intestine : the gullet and stomach arise from the 

stomodfeum, the large intestine from the proctodteum. 

Thus the only portion of the enteric epithelitim which 

is endodermal is that of the small intestine : the epithelium 

■oi gullet, stoitiach, and large intestine is ectodermal, and 

■like the deric epithelium secretes a cuticle. The outer 

lyer of the whole enteric canal consists of connective 

issue and muscle : there is no ccelomic epithelium. 

On each side of the small intestine is a large organ, the 

TmAw gland (-0. Gl) : it consists of numberless glove- 

iger-like processes or asca which open by a short tube or 
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rfwrf into the small intestine {b, D. Gl). Both cjeca 
and duct are lined with epithelium derived from the endo- 
derm, and the whole digestive gland is to be looked upon 
as a branched lateral outgrowth of the enteron. The 
secretion of digestive juice is performed exclusively by the 
epithelium of the digestive glands. 

Between the enteric canal and the body-wall are a series 
of spaces {-S.,S) containing blood and having the general 
relations of a ccelome, but very probably only representing 
a number of enlarged blood-spaces or sinuses. 

Respiration is performed by special organs, the gills 
(b, Gill, see p. 317), developed in the thoracic region as out- 
growths of the body-wall and containing the same layers - 
(cuticle, epithehum, and connective tissue) as the latter. 
They have a brush-like form and are protected by a fold of J 
the body-wall {Brstg). I 

The blood-system is constructed on the same general I 
lines as those of Polygordius, but is greatly modified. A 1 
portion of the dorsal vesselis enlarged to form a muscular 
dilatation, the heart {Hi), and the rest of the vessels, now i 
called arteries (b, St. A), instead of forming by themselves J 
a closed system, ramify extensively over the body, their ulti- I 
mate branches opening into larger cavities or sinuses between I 
the muscles. One of these cavities— the pericardial sinus 1 
Pcd. S) — surrounds the heart. The heart, arteries, and ] 
sinuses together form a closed system through which the M 
blood is propelled in a definite direction by the contractionsfl 
of the heart. I 

Renal excretion is performed by a pair of glandular^* 
bodies, the kidneys {a, K), situated in the front part of the J 
head and enclosed in spacious sacs which open by ducts on fl 
the bases of the antenna. They consist of convoluted tubes I 
lined by epithelium, and are probably to be looked upon as I 
greatly modified nephridia. I 



ABSENCE OF CILIA 

The Crayfish is dicecious. The ovaries {ovy) are a pair 
of hollow organs, united in the middle line in some genera, 
situated in the thorax, and opening by oviducts (b, ovd) on 
the bases of the third pair of legs. The spemiaries (testes) 
are also frequently united in the middle line and open 
by spermiducts (vasa deferentiaj on the bases of the fifth 
pair of legs. There is some reason for thinking that the 
gonaducts represent modified nephridia, and the cavities 
of the hollow gonads a greatly reduced ccelome from the 
epithelium of which the sex-cells are produced. 

The nervous system is formed on quite the same plan as 
that of Polygordius, consisting of a dorsal brain {Br) united 
by cesophagea! connectives to a ventral nerve-cord { V. 
JVv.Cd). In the cord, however, the nerve-cells, instead of 
being evenly distributed, are aggregated into little enlarge- 
ments OT ganglia (G«), of which there is primatively a pair 
to each metamere, the number being reduced in the adult 
by concrescence. The portions of the ventral nerve-cord 
between the ganglia consist of nerve-fibres only, and are 
called connectives. In the embryo the nervous system is, 
as in Polygordius, in direct connection with the epidermis, 
but in the adult it has sunk inwards so as to be entirely 
surrounded by mesoderm, 

A striking feature in the histology of the Crayfish, and 
one in which it agrees with the vast majority of Arthropoda, 
is the entire absence of cilia. Another peculiarity— also 
shared by the greater part of the phylum — is that the sperms 
are n on- motile. 

The laid eggs become attached to the swimmerets of the 
mother, and in this situation undergo their development. In 
the fresh-water crayfish the young is hatched in a condition 
closely reserahling the adult, but in the lobster and the sea- 
crayfish there is a metamorphosis. 



THE FRESH-WATER MUSSEL 



The Fresh-Water Mussel.^ 

The body is bilaterally symmetrica!, and is greatly com- 
pressed from side to side. Its dorsal margin is produced 
into paired tiaps, the mantle-lobes (Fig. 78, a and b, Maui), 
which pass downwards one on either side of the body. 
Closely applied to the outer surface of the mantle-lobes, and 
formed as a cuticular secretion of their deric epithelium, axi 
thetwo2w/»«of the bivalved, strongly calcified j/ii;// (B,, 3'A). , 
The ventral region of the body is produced into a laterally 
compressed muscular structure, theyi?c/(A and p, Fool), by 
the contraction of which the animal can move slowly , 
through the sand or mud in which it lives partly buried. 

The possession of a mantle formed as a prolongation 
the dorsal region, of a calcareous shell secreted by t 
mantle, and of a muscular foot formed as an unpaired 
prolongation of the ventral region, are the most characCeristu 
features of the Mollusca generally. 

Posteriorly the edges of the mantle-lobes are greatly ] 
thickened, and are connected with one another in such aiJ 
way as to form two apertures, a large ventral inhahnt (. 
Ap\ and a small dorsal exhalent aperture {Exh. Ap), 
means of the cilia of the gills (see below) a current of w 
is produced which enters at the inhaknt aperture, carryingf i 
abundant oxygen and the minute organisms used as food, 
and makes its escape at the exiialent aperture, taking with it a 
the various products of excretion and fcecal matter. 

The mouth {Mth) is anterior and ventral, lying just i 
front of the foot : it is bounded on either side by a pair o 

' For detailed descriptionE of the fresh-water Mussel see RollestOB 
and Jackson, Forms of Animal Life, pp. 124 and 2S5 : Huxley a 
Martin, EUmtHtary Biology, p. 305 1 and Marslmll and Hurst, Practica, 




. —Diagrammatic sections of the Freah-waler Mussel. 
i, longitudinal section : the right mantle-lobe (Muni) and gills (/. G, 
, O. G) are shown in perspective. 
B, transverse section. 

The cuticular shell {Sh), shown only in B, is black, the ectoderm 
[■ dolteit, the nervous system finely dolled, the endoderm radially striated, 
T tbe mesoderm evenly shaded, and the co:lomic epithelium reprcscnied 
by a beaded line. 

The dorsal region is produced into the right and left mantle-lobes 
(AfanI), attached to which are the valves of the shell [Sh) joined dorsally 
by an elastic ligament \lig). 
The luanlle-Tobes are partly united so as to form the inhalent (InA. 
I Af) and exhalent (Exk. Af) apertures at the posterior end. 
L The body is produced ventrally into the foot {Foot), on each side of 
I which are the gills, an inner (/, G) and an outer (O. G), each formed 
I of an inner and an outer lamella. 

r The body is covered externally by deric epithelium {Dtr, Epihni), 
within which is mesoderm (^/ri^ largely differentiated into muscles, of 
which the anterior (A. Ad) and posienor (P. Ad) adductors are Indi- 

The mouth (MtK\ leads by the short gullet {Gut) into the stomach 
(•Sr), from which proceeds the coiled intestine {Int), ending in the anus 
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{All) : the enteric epithelium is [nostlr endodermal. The digest 
(D. Gl) surrounds ihe slomacli. The ccclome [Ca-l) is rodn 
small dorsal chamber enclosing part of Ihe inlesline and the heart ; the 
parietal [Cal. Epthm) and visceral i^Cfel. Efthn^) layers of ctelomic 
epithelium are shown. 

The heart consists of a median ventricle ( Vint), enclosing part of the 
intestine, and of paired auricles {Anr). i 

The paired nephridia {Nphm) open by apertures into the ccelome J 
{Nph. it) and on the exterior (Nfh. p). J 

The gonads (Gon) are imbedded in the solid mesoderm, and open oa I 
the exterior by gonadacts {Gnd). I 

The nervous system consists of a pair of cerebro-pleural ganglia! 
(C. F. Gn) above the gullet, n pair of pedal ganglia (Fd. Gn) in tlwB 
foot, and a pair nf visceral ganglia {V. Gn) below Ihe posterior addactorj 
muscle. 

triangular bodies, the labial palpi, and leads by a short ^ 
gullet (Ga/) into a stomach {St) from which proceeds £ 
long, coiled intestine {/«/) : this makes several turns in the 
ventral region of the trunk, then passes to the dorsal region, 
and finally backwards in the median plane to open by an 
anus {An) at the posterior end of the body, just within the 
exhalent aperture. The enteric canal is formed almost 
exclusively from the enteron, the stomodreum and procto- 
deum being both insignificant : hence the enteric epithelium 
is almost wholly endodermal. There is a largo digestive J 
gland (D, Gl) surrounding the stomach and opening intoj 
it by several ducts. 

The ccelome {Ctei) is a small cavity in the dorsal region ^ 
containing a portion of the intestine : the rest of the enteric 
canal is embedded in solid mesoderm. 

The mesoderm, as usual, is largely differentiated into 
muscle. There are numerous muscles connected with the 
foot, and two very large ones {A. Ad, P. Ad) pass trans- 
versely from valve to valve of the shell, one immediately 
above the gullet, the other immediately below the anal end 
of the intestine ; these latter are called adductors, and serve 
to dose the shell. 



On either side of the body, between the trunk and the 
mantle, are two gills (/. G, O. G), each having the form of a 
double plate (b) nearly as long as the body. They serve, in 
conjunction with the mantle, as respiratory organs, but their 
main function is to produce the current of water referred to 
above by means of the cilia with which they are covered. 

There is an extensive system of blood-vessels. The heart 
lies in the ccelonie, and consists of three chambers, a median 
ventricle ( Vent), which surrounds the intestine, and paired 
auricles ^Aur). 

Excretion is performed by a single pair of nephridia 
{Nphm) which open at one end {Nph. si) into the ccelome 
and at the other {JVp/i. p) on to the exterior. 

The nervous system consists of three pairs of ganglia, the 
two ganglia of each pair being united by transverse com- 
missures. The ceyebro-pleural gsxy^^VL {C. P. On) lie above 
the gullet, and represent, in a general way, the brain of 
Polygordius and the crayfish ; they are united by longitu- 
dinal connectives with the pedal ganglia {P. Gn), which lie 
in the foot and may be taken as representing the ventral 
nerve-cord of worms and arthropods, and with the visceral 
ganglia {V. Gn) which are placed beneath the posterior 
adductor muscle. 

The gonads {Goii) are large irregular organs, very similar 
in appearance in the two sexes, situated among the coils of 
the intestine and opening by a duct {Gnd) on either side of 
the trunk, close to the nephridiopore. The impregnated 
eggs are passed into the cavity of the outer gill of the 
female, where they undergo the early stages of their develop- 
ment. The larva of the fresh-water mussel is a peculiar 
bivalved form, very unlike the adult, and called 3.glockidium ; 
but in the more typical molluscs the embryo leaves the egg 
I trochosphcre, closely resembling that of Polygordius! 



The DoG-FisH.i 

A doj,'-fish is bilaterally symmetrical, the nearly cyli 
drical body (Fig. 79, a) terminating in front in a blunt 
snout and behind passing insensibly into an upturned tail. 
Externally there is no appearance of segmentation. 

The mouth (Mtk) is on the ventral surface of the head 
or anterior region of the body ; it is transversely elongated, 
and is supported by jaws which are respectively anterior 
(upper) and posterior (lower). They thus differ funda- 
mentally from the jaws of arthropods, which are modified 
appendages and are therefore disposed right and left. 

A short distance behind the mouth are five vertical slita 
(b, Ext. br. ap) arranged in a longitudinal series, the 
external branchial apertures or gill-clefts. The vent, or 
cloacal aperture {An) is situated on the ventral surface a 
considerable distance from the end of the tail. That part 
of the body lying in front of the last gill-cleft is counted a 
the bead, all behind the vent as the tail, the intermedial 
portion as the Crunk. 

Appendages are present, but in a very different form from 
those of the crayfish. They consist of flat processes of the 
body-wall called fins. Two of them (D.F\D. _?«) an 
situated in the middle line of the back (dorsal fins) : om 
{ y.F) in the middle ventral line behind the cloacal apertur 
[ventral fin), and one (C.F) is attached to the up-tumed em 
of the tail {caudal fin) : all these being unpaired structures o 
median fins. Then there is a pair oi pectoral fins situated 

' For a detailed description of a dog-fish see Marshall and Hurst, 
Practkal Zoology (London, 189a), p. ao6. For descriptions of othef 
fishes, equally suitable in some respects as types of Vertebrata, 
RoUeston and Jackson, Forms of Animal Life (Oxford, 188S), pp. ^ 
and Z73 : and Parker, Zootomy (London, 1884), pp. i, 27, 86. 
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on each side just behind the last gill-cleft, and a pair of 
icfins placed one on either side of the vent : these are 
lateral or paired fins. It is characteristic of Vertebrata 
I that the number of lateral appendages never exceeds two 
1 pairs. 

The skin or external layer of the body-wall consists of an 
outer epidermis {Der. Eplhii) composed of several layers of 
and of an inner connective tissue layer or dermis 
{Demi). In the latter are found innumerable bony scales 
(Derm. Sf) constituting a dermal exoskeleton. The muscular 
layer of the body-wall {M) is of great thickness, especially 
in the dorsal region, and is distinctly segmented, indicating 
that the body of the dog-fish, like that of Polygordius and 
the crayfish, is divisible into metameres, although there is no 
indication of them externally. 

The large ccelome {Cal) is confined to the trunk : it is 
characteristic of vertebrates that both head and tail are 
accelomate in the adult. The ccElomic epithelium (Cal. 
Epthm, Cml. Epthm') is underlaid by a distinct iayei of 
connective tissue, the two together forming the periioHeiim. 
Another important vertebrate character is that the dorsal 
region of the body-wall contains a median longitudinal 
canal {C. Sfi. Cav.) extending from shortly behind the snout 
to near the end of the tail. This is the cerebrospinal cavity 
and contains the central nervous system. 

Still another characteristic feature is the presence, in 
addition to the dermal cxoskeleton, of an endoskeUfon, or 
system of internal supporting structures. Between the 
cerebro-spinal cavity above and the ccelome below is a 
longitudinal series of biconcave discs or vertebral centra 
iy. Cent) : they are formed of a peculiar tissue called 
ir gristle, and are strongly impregnated with lime- 
the young condition their place is occupied by a 
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k, longitadinaE vertical set^tioo. 
!, horizontal section through the pharynx and gills. 
c, transverse section through the tninlt. 
The ectodenn is doited, the nervous system finely dotted, the endo- 
derm radially striated, the mesoderm evenly shaded, the coslomic 
epithelium represented by a beaded line, and all skeletal sttuctuiea 

The body gives origin to the dorsal (A -/". D. F\ ventral (K F\ 
and caudal ((,". F) fins ; the paired fins are not shown. 

The body*waQ consists of deric epithelium {Der. Epthm), dermis 
Derm), and muscle (,M\ : the latter 19 metomerically segmented and is 
very thick, especially dorsaily, where it forms half the tola! vertical 
height (c). 

'ITie eioskeleton consists of calcified dermal spines (Derm. S^ in the 
dermis, and of dermal fin-rays {Derm. F. R) in the fins. 

The endoskeleton consists of a row of vertebral centra ( K Cm/) below 
the spinal cord(6^. Crf), giving rise to neural arches {N.A), which enclose 
the cord, and in the caudal regions to hicmal arches {H. yl.) : a cranium 
{Cr) enclosing the brain {Jlr) : upper and lower jaws : branchial arches 
{Br. A) and rays {5r. j?, Br. F'j, shown only in B, supporting the 
gills ! shoulder {SA. G) and pelvic (A/f. G) girdles : and pterygiosphores 
{FIgfiA) supporting the fins. 

The mouth {3/tA) leads into the oral cavity {Or. cav), from which the 
pharynx {FA) and gullet ((7«0 lead to the stomach {S/) : this is con- 
nected with a short intestine {/it) opening into a cloaca {€!) which 
communicates with the exterior by the vent {An). The oral cavity and 
cloaca are the only parts of the canal lined by ectoderm. 

Connected with the enteric canai are the liver {Lr) with the gall- 
bladder (C fifland bile-duct {B. D), the pancreas (/ii), and the spleen 
(Spl). The mouth is bounded above and below by teeth (7"). 

The respiratory oj^ans consist of pouches (shown in b) communlcatirvg 
with the pharynx by internal {Int. br. af) and with the exterior by 
eitemal {Ext. br. ap) branchial apertures, and lined by mucous mem- 
brane raised into branchial filaments {Br. Fit). 

The heart {Ht) is ventral and anterior, and is situated in a special 
compartment of the ctelome {Fed). Six of the most important blood- 
vessels, the dorsal vessel (dorsal aorta, D. Ao), the cardinal veins 
{Card. V), the lateral vessels {lateral veins. Lot. V), and the ventral 
vessel (intra-intestinal vein, /. int. K) are shown in c. 

The whole cslome is lined by epithelium, showing parietal {Cat. 
EpiAm) and visceral (Car/. Epthm') layers. 

The ovaries {Ovy) are connected with the dorsal body-wall : the 
oviducts [Ovifj open anteriorly into the coelome {aiuf) and posteriorly 
into the cloaca. 

The kidneys (A') arc made up of nephridia {Npk) and open by ureters 
( Ur) into the cloaca. 

The nervous system is lodged in the cerebro-spinal cavity {C. Sfi. Car) 
hollowed out in the dorsal body-wall : it consists of brain {Br) and 
spinal cord {Sf. Cd), and contains a continuous cavity, the nem-oHcle 
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gelatinous rod, the nolochori. The centra, which alternate \ 

with the muscle-segments, are connected with a si 
cartilaginous arches {N.A), which extend over the cerebro- 
spinal cavity and with the centra constitute the vertebral 
column. In the tail there is also a ventral series of arches 
{If.A.) enclosing a space {ff. C) which indicates a backward 
extension of the ccelome in the embryo. 

Anteriorly the vertebral column is continued into a 
cartilaginous box, the cranium (Cr) which encloses the brain 
and the organs of smell and hearing. The jaws, referred to 
above, are cartilaginous rods which bound the mouth above 
and below. The gills are supported by a complicated 
system of cartilages {Br. A, Br. R., Br. R'), and both 
median and paired fins by parallel rods of the same 
material {Ptgph). All these cartilages are strengthened 
by a more or less extensive superficial deposit of bony 
matter. 

The mouth {MiA) leads into a large oral cavity [Or. cav) 
which passes insensibly into a wide throat or pharynx {Ph) : 
from this a short gullet {Oul) leads into a large U-shaped 
stomach {Si), whence is continued a short wide intestine 
(/»/) opening on lo the exterior through the intermediation 
of a small chamber, the cloaca {CI). From the gullet 
backwards the enteric canal is contained in the ccelome. 
The greater part of the enteric epithelium is endodermal : 
only the oral cavity arises from the stomod^um and the 
cloaca from the proctodteum. 

In the skin covering the jaws dermal ossicles of unusual 
size are developed and constitute the teeth {T). The chief 
digestive glands are two in number, an immense liver {Lr) 
occupying the whole anterior and ventral region of the 
ccelome, and a small pancreas {Pn), attached to the anterior 
end of the intestine. The ducts of both glands open into 



the intestine, and their secreting cells are, as in former cases, 
endodermal. Gland-cells are also found in the walls of 
the stomach and intestine. 

The respiratory organs or gills (b) consist of five pairs of 
pouches opening on the one hand into the pharynx (Pfi) 
and on the other to the exterior by the branchial clefts 
already noticed : they have their walla raised into ridges, 
the branchial filaments (Br. Fil), which are covered with 
epithelium {Kesp. Epthni) and are abundantly supplied 
with blood-vessels. The gills are developed as offshoots of 
the pharynx, and the respiratory epithelium is therefore 
endodermal, not ectodennal as in the crayfish and mussel. 

The heart (Hi) lies below the pharynx in a separate 
anterior compartment of the ctelome, the pericardial cavity. 
It is composed of four chambers arranged in a single longi- 
tudinal series (sinus venosus, auricle, ventricle, and conus 
arteriosus), and is to be looked upon as a muscular dilatarion 
of a ventral blood-vessel. The blood is propelled by the 
heart from the conus arteriosus into a paired series of 
hoop-like vessels (aortic arches) resembling the transverse 
commissures of Polygordius (Fig. 69, a, p. 382), which take 
it through the gills and pour it, in a purified condition, into 
the dorsal vessel {dorsal aorta, D. Ao) whence it is taken to 
all parts of the body to be finally returned by thin-walled 
vessels, called veins, to the sinus venosus. The ventral 
position of the heart and the fact that the blood is sent 
directly from the heart lo the respiratory organs are 
characteristic vertebrate features ; so also is the circumstance 
that the blood from the stomach, intestine, &c., is taken by 
a specially modified portion of the ventral vessel (portal 
vein) through the liver on its way to the heart The blood 
is red, containing, in addition to leucocytes, oval corpuscles 
Icoloured by hjemoglobin (see p. 58), 
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The excretory organs are a pair of kidneys {K) situated 
at the posterior end of the dorsal region of the ccelome, and 
opening by ducts, the ureters (l/r), into the cloaca. De- 
velopment shows that they consist of an aggregation of 
nephridia {Npk), the nephrostomes of which open in the 
young and sometimes throughout life, into the coelome, 
while the nephridiopores discharge not directly on the 
exterior, but into a common tube. 

The gonads (ovaries, Oiy, or spermaries) are situated in 
the anterior part of the ccelome, attached by peritoneum 
to its dorsal wall. The sex-cells are differentiated from 
ccelomic epithelium. The gonaducts of both sexes- 
~{Ovd) are developed from the nephtidial system oF 
the embryo. 

As already stated, the central nervous system is contained 
in a cavity {C. Sp. Cav) of the dorsal body-wall, and is 
therefore far removed from the ectoderm from which it 
originates. It consists of a long cylindrical rod, the spinal 
cord(Sp. Cd) which is continued in front into a complicated 
brain {Br). It has the further peculiarity of being hollow, 
a more or less cylindrical cavity, the neurocieU («. fis) exr 
tending through its whole length. 

The possession of a hollow nervous system lying altogether 
dorsal to the enteric canal and ccelome, of either a noto- 
chord or a chain of vertebral centra below the nervouS' 
system, and of pharyngeal pouches communicating with the 
exterior, are the three most characteristic features of the 
vertebrate phylum. 

The organs of sense are highly developed, and consist of 
paired olfactory sacs, eyes, and auditory sacs situated in the 
head, together with an extensive system of integumentary 
organs. Their sensory cells are in every case ectodermal. 

The eggs are very large, and are impregnated within the 
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body of the female. In the common Dog-fish {Scyllium) 
they are laid shortly after impregnation, each enclosed in a 
horny egg-shell : in the Piked Dog-fish {Acanthias) and the 
Smooth Hound {Mustelus) they are retained in the oviduct 
until the adult form is assumed. 



LESSON XXVIII 



In the four ijrevious lessons we have traced the advance 
in organization of animals from the simple diploblastic 
Hydra to the complicated iriploblastic forms which con- 
stitute the five higher phyla of the animal kingdom. We 
have now to follow in the same way the advance in structure 
of plants. The last member of the vegetable kingdom with 
which we were concerned was Nitella (p. zo6), a solid 
aggregate, exhibiting a certain differentiation of form and 
structure, but yet composed of what were clearly recognizable 
as cells, there being, as in Hydra, none of that formation of 
well-marked tissues which is so noticeable a feature in 
Polygordius as in other animals above the Ccelenterata. 

Taking Nitella as a starting point, we shall see that among 
plants, as among animals, there is an increasing differentiation 
in structure and in function as we ascend the series. The 
first steps in the process are well illustrated by a considera- 
tion of that very abundant and beautiful group of plants, the 
Mosses. In spite of the variations in detail met with in 
different genera of the group, the essential features of their 
organization are so constant that the following description 
will be found to apply to any of the common forms. 




Fig, So,— The AnQtomy and Histology of Mosses. 
A, Enlire plant of Funaria kygromctriea, showing stem \jt), leaves 
! {I), and rhiioids {rh). ( x 6.) 

J B, leaf of the sanie, showing midrib {,md. r) and lateral portions. 
|(« as.) 
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c, semi- diagram malic vertical section of a moss, showing the arrange- 
ment of the tissues. The stem is formed extemallj' of sderenchyma 
(jir/l, and contains an axial bundle (ox i] : in same of the leaves (/) 
the section passes through the midrib, in others (/') through the htteral 
porlioo : the stem ends distally in an apical cell (a/i. c), from which 
sq^ental cells [leg. r) are separated. 

D, tranaverse section of the slem of Bryum roseiini, showing scleren- 
cbyma («■/), axial bundle {ax. b), and rhizoids {rk). ( x 6o. ) 

E, transverse section of a leaf of FunBi-ia, showing Ibe midrib {md. r) 
fonnixl of several layers of cells, ^nd the lateral portions one cell thick. 

V, small portion of the lateral region of the same, showing the forni 
ofthe cells and the chromalophores(cA7-). (x 150.) 

G, distal end of the stem of Fontinalis aiilipyrstica in vertical section, 
showing the apical cell {ap. t) giving rise to segmental cells (scg. c), 
which by subsequent division form the segments of the stem with the 
leaves : the thick lines ->'how the boundaries of the segments. 

H, dis^ram of the apical cell of a moss in the form of a tetrahedron 
with rounded base aic and three flat sides aid, bed, acd. 

(D after Sachs ; c after Leitgeh.) 

The plant consists of a short slender stem {Fig. 80, a, si), 
from which are given off structures of two kinds, rhizoids or 
root-hairs (r}i), which pass downwards into the soil, and leaves 
(/), which are closely set on the stem and its hranches. As 
in Nitella (p. 208) the portion of the stem from which a leaf 
arises is called a node, and the part intervening between any 
two nodes an internode, while the name segment is applied 
to a node with the internode next below it. At the upper or 
distal end of the stem the leaves are crowded, forming a 
terminal bud. 

Owing to the opacity of the stem, its structure can only be 
made out by the examination of thin sections {c and d). It is 
a solid aggregate of close-set cells which are not all alike, but 
exhibit a certain amount of differentiation. In the outer 
two or three rows the cells (sd) are elongated in the direction 
of the length of the stem, so as to have a spindle-shape, and 
their walls are greatly thickened and of a reddish colour. 
They thus form a protective and supporting tissue, to which 
the name sderenchyma is applied. Running longitudinally 
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through the centre of the stem is a mass of tissue {ax. b) 
distinguished by its small, thin-walled cells, and constituting 
the axial bundU. 

The leaves (b) are shaped like a spear-hcad, pointed 
distally, and attached proximally by a broad base to the 
stem. The axial portion {b and e, md. r., c. I) consists of 
several layers of somewhat elongated cells and is called the 
midrib : the lateral portions (e and F : c, /■) are formed of a 
single layer of short cells. Thus the leaf has, for the most 
part, the character of a superficial aggregate. The cells 
contain oval chromatophores (f, chr). 

The rhizoids (c and d, rh) are linear aggregates, being 
formed of elongated cells, devoid of chlorophyll, arranged 
end to end. 

In the terminal bud the leaves, as in Nitella (pp. 208 and 
310), arch over the growing point of the stem, which in this 
case also is formed of a single apical cell (c and g, ap. c). 
in correspondence with the increased complexity of the 
plant, the apical cell is not a hemisphere from which new 
segments are cut off parallel to its flat base, but has the form 
(h) of an inverted, three-sided pyramid or tetrahedron, the 
rounded base of which iabe) forms the apen of the stem 
while segments {stg. c) are xut off from each of its three 
triangular sides in succession. 

The best way to understand the apical growth of a moss 

to cut a tetrahedron with rounded base out of a carrot or 
turnip : this represents the apical cell (h) : then cut ofiT a 
slice parallel to the side abd, a second parallel to bed, and a 
third parallel to acd : these represent three successively 
formed segments. Now imagine that after every division 
the tetrahedron grows to its original size, and a very fair 
notion will be obtained of the way in which the successive 
segments of the moss-stem are formed by the fission in three 
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planes of the apical cell. Each segment (c and C, seg. c) I 

immediately after its separation divides and subdivides, pro- i 
ducing a mass of cells from which a projection grows out 
fonning a leaf, and in tliis way the stem increases in length 
and the leaves in number. i 

Asexual reproduction takes place in various ways ; all of j 
them are, however, varieties of budding, and the buds always 
arise in the form of a linear aggregate of cells called a 
protonema .- from this the moss-plant develops in the same 
way as from the protonema arising from a spore (p. 339). 

The gonads are developed at the extremity of the main 
stem or one of its branches, and are enclosed in a tuft of ■ 
leaves often of a reddish colour — the terminal bud of the 
fertile shoot or so-called " flower " of the moss. 

The spermary (Fig. 81, a', \^) is an elongated club-shaped 
body consisting of a solid mass of cells, the outermost of 
which form the wall of the organ, while the inner (a^) become 
converted into sperms. The latter (a*) are spirally coiled 
and provided with iwo cilia ; they are liberated by the 
rupture of the wall of the spermary at its distal end (a'). 

The ovaries ' (see Preface, p. k, and p. 3S1) (b^, b*) may 
or may not occur on the same plant as the spermaries, some 
mosses being moncecious, others dicecious. Like the sperm- 
aries, they consist at first of a solid mass of cells which 
assumes the form of a flask, having a rounded basal portion 
or venter (;') and a long fieck (n). The outer layer of cells 
in the neck and the two outer layers in the venter form the 
wall of the ovary, the internal cells are arranged in a single 
axial row at first similar to those of the wall. As the ovary 
develops, the proximal or lowermost cell of the axial row 



' The ovary of mosses, ferns, &c. . 
the spemiary, ns In the lower planis, an antheridi 
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takes on the character of an ovum (b^, av) ; the others, called 
canal ceils {en. c) are converted into mucilage, which by its 
expansion forces open the mouth of the flask and thus makes 
a clear passage from the exterior to the ovum (b^). 

Through the passage thus formed a sperm makes it way 
and conjugates with the ovum, producing as usual an 
oosperm or unicellular embryo. 

The development of the embryo is at first remarkably 
like what we have found to take place in Hydroids (p. 248). 
The oosperm divided into two cells by a wall at right angles 
to the long axis of the ovary ; each of these cells divides 
again repeatedly, and there is produced a solid multicellular 
embryo or polyplast (c^, spgnni). 

Very early, however, the moss-polyplast exhibits a striking 
difference from the animai polyplast or morula : one of its 
cells — that nearest the neck of the ovary — takes on the 
character of an apical cell, and begins to form fresh seg- 
ments like the apical cell of the stem. Thus the plant 
embryo differs almost from the first from the animal embryo. 
In the animal there is no apical cell : all the cells of the 
polyplast divide and take their share in the formation of the 
permanent tissues. In the plant one cell is at a very early 
period differentiated into an apical cell, and from it all cells 
thereafter produced are, directly or indirectly, derived. 

The embryo continues to grow, forming a long rod-like 
body (c^ spgnm) the base of which becomes sunk in the 
tissue of the moss-stem, while its distal end projects vertically 
upwards, covered by the distended venter iv) of the ovary. 
Gradually it elongates more and more and its distal end 
dilates : the embryo has now become a sporogonium, con- 
sisting of a slender slalk (c*, sf) bearing a vase-like capsule 
or urn {w) at its distal end. In the meantime the elonga- 
tion of the stalk has caused the rupture of the enveloping 




Fig, 8i.~Kei>rmluclion and Developmeni of Mos- 

a', a speraiary of F'linnria in optical section, showing ihe wall e 

L'lqjing a central ma:^ of spertii-celts : A', the same Irom Llie Si '' 

ilischarginE its spenns. (x 30a) 
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a', a Eperm-cell wilh enclosed sperm : a', a free -swim mine sperm. 
(X Soo.) 

b', an ovary of Funaria, surface view, showing venter (») and neck 
(n) : b', the same in optical section, showing ovum {ov) and canal cells 
fcji. c) : b', the same after disappearance of the canal cells : the neck is 
freely open, and the ovum (im) exposed. ( x zoo.) 

c', ovary with withered neck containing an embryo {spgnm] in the 
polyplast stage ( x 200) : in c' the ovary, consisting of swollen venter {v) 
and shrivelled neck |»), enclosed a yoong sport^oniaoi [sfgnm) ; [he 
distal end of the stem is shown with hases of leaves (/) ; in c* the venter 
has raptured, forming a proximal portion or sheath and a distal portion 
or calyptra which is carried up by the growth of the sporogonium. 
(x.o.) 

c*, a small plant of Funaria with ripe sporogonium consisting of seln 
{si), with um (b) and lid (fl covered by the calyptra (r), 

C*, diagrammatic vertical section of urn {t), showing lid (/), air spaces 
(a), and spores (iS). 

d', a germinating spore of Funaria, showing ruptured onter coat (,=/) 
and young prolonema {pr) with rhizoid {rk). ( x 550.) 

d', portion of protoncma of the same, showiog lateral bud {6d), from 
which the leafy plant arises. ( x 90. ) 

(a and D after Sachs ; B, c', and c" altered from Sachs. ) 

venter of the ovary (c^) : its proximal part remains as a sort 
of sheath round the base of the stalk, while its distal portion, 
with the shrivelled remains of the neck («), is carried up by 
the elongation of the sporogonium and forms an extingtiisher- 
like cap or calyptra {c*, c) over the um. 

As development goes on, the distal end of the urn be- 
comes separated in the form of a lid {c*, &, /), and certain 
of the cells in its interior, called spoTt-mother cells, divide 
each into foiir daughter cells, which acquire a double cell- 
wall and constitute the spores (c^, sp') of the moss. 

When the spores are ripe the calyptra falls off or is blown 
away by the wind, the lid separates from the urn, and the 
spores are scattered. 

In germination, the protoplasm of the spore covered by 
the inner layer of the cell-wall protrudes through a split in 
the outer layer (d', sp) and grows into a long filament, the 
prolonema (pr.), divided by oblique septa into a row of cells. 
The protonema — which it will be observed is a simple linear 
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aggregate — branches, and may form a closely raatied mass J 
of filaments. Sooner or later small lateral buds {d% ^J 
appear at various places on the protonema : each of thes 
takes on the form of a three-sided pyramidal apical < 
which then proceeds to divide in the characteristic wag 
(p- 33S). forming three rows of segments from which leavd^ 
spring. In this way each lateral bud of the protonema g 
rise to a moss-plant. 

Obviously we have here a somewhat complicated cas 
alternation of generations (see p. azo). The gamobium c 
sexual generation is represented by the moss-plant, 
originates by budding and produces the sexual organs, 
the agamobium consists of the sporugonium, developed froiQ 
the oosperm and reproducing by means of spores, 
protonema, arising from a spore and producing the leal 
plant by budding, is merely a stage of the gamobiu 

The nutrition of mosses is holophytic ; but there i 
striking differentiation of function correlated with terrestri 
habits. In Nitella the entire organism is submerged i 
water and all the cells contain chlorophyll, so that decoiQ 
position of carbon dioxide and absorption of an aqueoui 
solution of salts are performed by all pans alike, 
cell being nourished independently of the rest. In th< 
moss, on the other hand, the rootlets are removed frotifl 
the influence of light and contain no chlorophyll : henc< 
they cannot decompose carbon dioxide ; but, being s 
lounded by moist soil, are in the most favourable positioifl 
for absorbing water and mineral salts. The stem, again, 
converted into an organ of support : the thickness of i 
external cells prevents absorption and it contains 
chlorophyll. Hence the function of decomposing carboi 
dioxide is confined to the leaves. 
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We have thus as an important fact in the nutrition of an 
ordinary terrestrial plant that its carbon is taken in at one 
place, its water, nitrogen, sulphur, potassium, &c., at another. 
But as all parts of the plant require all these substances it is 
evident that there must be some means by which the root 
can obtain a supply of carbon, and the leaves a supply of 
elements other than carbon. In other words, we find for 
the first time in the ascending series of plants, just as we 
did in ascending from the simple Hydra to the complex 
Polygordius (p. aSi) the need for some contrivance for the 
distribution of food -materials. 

The way in which this distributing process is performed 
has been studied chiefly in the higher plants, but its essential 
features are probably the same for mosses. 

Water is continually evaporating from the surface of the 
leaves, its place being as constantly supplied by water — with 
salts in solution — taken in by the rhizoids. This trans- 
piraiion, or the giving off of water from the leaves, is one 
important factor in the process under consideration, since 
it ensures a constant upward current of water, or, more 
"accurately, of an aqueous solution of mineral salts. The 
withering of a plucked moss-plant is of course due to the 
feet that when the roots are not embedded in moist soil or 
in water, transpiration is no longer balanced by absorption.^ 
In the higher plants it has been found that the root-hairs 
have an absorbent action independent of transpiration, so 
that water may be absorbed in the absence of leaves. 

By the transpiration current, then, the leaves are kept 
constantly supplied with a solution of mineral salts derived 
from the soil, and are thus nourished like any of the aquatic 
green plants considered in previous lessons : by the double 

' Mosses, hiJwever, unlike most higher phnls, can absorb waler by 
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decomposition of water and carbon dioxide a carbo-hydrate 
is formed : this, by further combination with the nitrogen 
of the absorbed ammonium salts or nitrates, forms simple 
nitrogenous compounds, and from these, probably through 
a long series of mesostates or intermediate products, proto- 
plasm is finally manufactured. 

In this way the food supply of the green cells of the 
leaves is accounted for, but we have stil! to consider that of 
the colourless cells of the stem and rhizoids, which, as we 
have seen, are supplied by the transpiration current with 
everything they require except carbon, and this, owing to 
their possessing no chlorophyll, they are unable to take in J 
in the form of carbon dioxide. 

As a matter of fact the chlorophyll-containing cells of the J 
leaves have to provide not only their own food, but alsoV 
that of their not-green fellows. In addition to making goodfl 
the waste of their own protoplasm they produce largej 
quantities of plastic jjroducts (see p. 33) such as grapefj 
sugar, and simple nitrogenous compounds like asnaragin.B 
and these pass by diffusion from cell to cell until they reachfl 
the uttermost parts of the plant, such as the centre of thefl 
stem and the extremities of the rhizoids. The colourlessB 
cells ate in this way provided not only with the saltsfl 
contained in the ascending transpiration current, but withtB 
carbo-hydrates and nitrogenous compounds. From theseB 
they derive their nutriment, living therefore like yeast-cellsH 
in Pasteur's solution, or like Bacteria in an organiofl 
infusion. I 

We see then that the colourless cells of the stem andV 
rhizoids are dependent upon the green cells of the leaves! 
for their supplies. Like other cells devoid of chlorophyll 1 
they are unable to make use of carbon dioxide as a source j 
of carbon, but require ready-made carbo-hydrates, the J 
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manufacture of which is continually going on, during 
daylight, in the chlorophyll-containing cells of the leaves. 
This striking division of labour is the most important 
physiological difference between mosses and the more lowly 
organized green plants described in previous lessons. 



LESSON XXIX 



We saw in the previous lesson that in mosses there is a 
certain though small amount of histological differentiation, 
some cells being modified to form sclerenchyma, others to 
form axial bundles. We have now to consider a group of 
plants which may be considered to be, in this respect, on 
much the same morphological level as Polygordius, the 
adult organism being compHised not of a mere aggregate of 
simple cells, but of various well-marked tissues. 

A fem-plant has a strong stem which in some forms, such 
as the common Bracken (Pteris aquiUnd) is a horizontal 
underground structure, and is hence often incorrectly con- 
sidered as a root : in others it creeps over the trunks of 
trees or over rocks : in others again, such as the tree-ferns, 
it is vertical, and may attain a height of three or four metres. 
From the stem are given off structures of two kinds — the 
leaves, which present an almost infinite variety of form in 
the various species, and the numerous slender roots. In 
some cases, such as the tree-ferns and the common Male 
Shield-fern {Aspiiium filix-nias), the plant ends distallyin a 
terminal bud, consisting, as in Nitella and mosses, of the 
growing end of the stem over-arched by leaves : in others 
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such as Pteris, the stem ends in a blunt, knob-like extremity 
quite uncovered by leaves. On the proximal portion of the 
stem are usually found the withered remains of the leaves 
of previous seasons, or the scars left by their fall The 
roots are given off from the whole surface of the stem, 
often covering it with a closely-matted mass of dark brown 
fibres. 

When the stem is cut across transversely (Fig. 82, a) it 
is seen, even with the naked eye, to consist of three well 
marked tissues. The main mass of it is formed of a whitish 
substance, soft and rather sticky to the touch, and called 
ground-parenchyma {par): this is covered by an external 
layer of very hard tissue, dark brown or black in colour, the 
kypodermis {hyp) : bands of a similar hard brown substance 
are variously distributed through the parenchyma, and con- 
stitute the iderenchyma {sd) : and interspersed with these 
are rounded or oval patches of a yellowish colour (KS) 
harder than the parenchyma, but not so hard as the 
sclerenchyraa, and called vascular bundles. 

The general distribution of these tissues can be made out 
by making longitudinal sections of the stem in various 
planes or by cutting away the hypodermis, and then scraping 
the parenchyma from the vascular bundles and bands of 
sclerenchyma. The hypodermis is found to form a more or 
less complete hard sheath or shell to the stem, while the 
internal sclerenchyma and vascular bundles form longi- 
tudinal bands and rods imbedded in the parenchyma, and 
serve as a sort of supporting framework or skeleton. 

The minute structure of the stem can be made out by 
the examination either of very thin longitudinal and trans- 
verse sections, or of a bit of stem which has been reduced 
to a pulp by boiling in nitric acid with the addition of a few 
crystals of potassium chlorate ; by this [irocess the various 




GENERAL CHARACTERS 

A, Transverse section of the stem of Pleris aquilina, showing hypo- 
dermis {hyp\ gtoand paieDChyoia {par), sclerfflichyma (sc[), and vascular 
bundles (K B). (x j.) 

B, transverse section of a vascular bundle, showing biindle-shealh 
{b. sh), sieve-tubes (jo. /), scalariform vessels Uc. v), and spiral vessels 
K^p-v). (X 6.} 

c, serai-diagrammatic vertical section of the growing point of the 
stem, showing apical cell {ap. c), segmental cells (leg. c), and apical 
meristem {ap. mer) passing into permanent tissue consisting of epidermis 
(ep), hypodermis {Ayp), gronnd parenchyma {par), aclerenchyma (scl), 
and vascular bundles in which the sheath (i, s/i), sieve-tubes (jo. /), 
scalariform vessels (k. v), and spiral vessels (j/. v) are indicated. 

D, a single parenchyma cell, showing nucleus (iih), and vacuole 

E, ceil of hypodermis. 

F, portion of a sieve-tube, showing sieve-plates (so. pi). 

a, portion of a spiral vessel with the spiral fibre partly unrolled at the 
lower end. 

H, fibre-like cell of sclerenchyma. 

I, portion of a scalariforni vessel, part of the wall being supposed to 
be removed. 

K, vertical section of a leaf of Pteris, showing upper and lower epi- 
dermis (ep), mesophyll cells (ns. ph), with intercellular spaces (j. c. sp), 
a stoma (sC) in the lower epidermis, and hairs (4). 

I, surfiiceviewof epidermis of leaf of Aspidium, showing two stomata 
(si) with their gnard-cells (gd. c). 

M, vertical section of the end of a root, showing apical cell {ap. c), 
segmental cells (seg. c), and root-cap (r. e/i) with its youngest cap-cells 
marked ip. c. 

(a, B, and D-K after Howes ; M from Sachs, slightly altered. ) 

tissue elements are separated from one another, and can be 
readily examined under a high power. 

By combining these two methods of sectioning and 
dissociation, the parenchyma is found to consist of an 
aggregate of (Xjlyhedral cells (d) considerably longer than 
broad, their long axes being parallel with that of the stem 
itself. The cells are to be considered as right cylinders 
which have been converted into jiolyhedra by mutual pres- 
sure. They have the usual structure, and their protoplasm is 
frequently loaded with large starch-grains. They do not fit 
quite closely together, but spaces are left between them, 
especially at the angles, called inUrcellular spaces. 
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The cells of the hypodermis (e) are proportionally longer 
than those of the parenchyma, and are pointed at each end : 
they contain no starch. Their walls are greatly thickened, 
and are composed not of cellulose but of lignin, a carbo- 
hydrate allied in composition to cellulose, but containing a 
larger proportion of carbon Schulze's solution, which, as 
we have seen, stains cellulose blue, imparts a yellow colour 
to lignin. 

Outside the hypodermis is a single layer of cells (c, ep) 
not distinguishable by the naked eye and forming the actual 
external layer of the stem : the cells have slightly thickened, 
yellowish-brown walls, and constitute the epidermis. From 
many of them are given off delicate filamentous processes con- 
sisting each of a single row of cells ; these are called hairs. 

In the sclerenchyma the cells (h) are greatly elongaled> 
and pointed at both ends, so as to have the character rather 
of fibres than of cells. Their walls are immensely thickened 
and lignified, and present at intervals oblique markings dye to 
narrow but deep clefts : these are produced by the deposition 
of lignin from the surface of the protoplasm (see p. 32) being 
interrupted here and there, instead of going on continuously 
as in the case of a cell-wall of uniform thickness. 

The vascular bundles have in transverse section (b) the 
appearance of a very complicated network, with meshes of 
varying diameter. In longitudinal sections (c) and in dis- 
sociated specimens they are found to be partly composed of 
cells, but to contain besides structures which cannot be 
called cells at all. 

In the centre of the bundle are a few narrow cylindrical 
tubes (b and c, sp. v.) characterized at once by a spiral 
marking, and hence called spiral vessels. Accurate exam- 
ination shows that their walls (g) are for the most part thin, 
re thickened by a spiral fibre, just as a paper tube 
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might be strengthened by gumming a spiral strip of paste- 
board to its inner surface. These vessels are of considerable 
length, and are open at both ends ; moreover they contain 
no protoplasm, but are filled with either air or water : they 
have therefore none of the characteristics of cells. They 
are shown, by treatment with Schulze's solution, to be com- 
posed of lignin. 

Surrounding the group of spiral vessels, and forming the 
large polygonal meshes so obvious in a transverse section, 
are wide tubes (b and c, sc. n) pointed at both ends and 
fitting against one another in longitudinal series by their 
oblique extremities. They have transverse markings like 
the rungs of a ladder, and are hence called smlariform 
vessels. The markings (i) are due to wide transverse pits 
in the otherwise thick lignified walls ; in the oblique ends 
by which the vessels fit against one another the pits are 
frequently replaced by actual slits, so that a longitudinal 
series of such vessels fonns a continuous tube containing, 
like the spiral vessels, air or water, but no protoplasm. In 
most ferns the terminal walls are not thus perforated, and 
the elements are then called tracheides. 

The presence of these vessels — spiral and scalariform — 
is the most important histological character separating ferns 
and mosses. The latter gioup and all plants below them are 
composed eliclusively of cells : ferns and all plants above 
them contain vessels in addition, and are hence called vas- 
cular plants. 

The vessels, together with small parenchyma-cells inter- 
spersed among them, make up the central portion of the 
vascular bundle, called the wood or xykm. The peripheral 
portion is formed of several layers of cells composing the bast 
or phloem, and surrounding the whole is a single layer of 
small cells, the biindU'sheath {b. sh). 
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The cells of the phloiim are for the most part parenchy- 
matous, but amongst them are some to which special t 
attention must be drawn. These {b and c, sn. t), are many 
times as long as they are broad, and have on their walls 
irregularpatches or «rfj'f-//d'/'«(F,jj'.//.) composed of groups ■ 

linute holes through which the protoplasm of the cell is 
continuous with that of an adjacent cell. The transverse or 
oblique partitions between the cells of a longitudinal series 

e also perforated, so that a row of such cells forms a sieve- 
tube in which the protoplasm is continuous from end to end. 
We have here, therefore, as striking an instance of proto- 
plasmic continuity as in the deric epithelium and certain other 
tissues of Polygordius {seep. 276). 

The distal or growing end of the stem terminates in a blunt 
apical cone or punctum vegetationis (c), surrounded by the 
leaves of the terminal bud in the case of vertical stems, or 
sunk in a depression and protected by close-set hairs in the 
underground stem of the bracken. A rough longitudinal 
section shows that, at a short distance from the apical cone, 
the various tissues of the stem — epidermis, parenchyma, 
sclerenchyma, and vascular bundles — merge insensibly into 
a whirish substance, resembling parenchyma to the naked 
eye, and called apical meris/et/i {ap. mer). 

Thin sections show that the summit of the apical cone is 
occupied by a wedge-shaped apical cell {ap. c) which in 
vertical stems is three-sided like that of mosses (Fig. 80, h, 
p. 335), while in the horizontal stem of Pteris it is two-sided. 
As in mosses, segmental cells {seg. c) are cut off from the three 
(or two) sides of the apical cell in succession, and by further 
division form the apical meristem {ap. mer), which consists 
of small, close-set cells without intercellular spaces. As the 
base of the apical cone is reached, the meristem is found to 



X APICAL GROWTH 351 

s insensibly into the permanent tissues, the cells near the 
surface gradually merging into epidermis and hypodermis, 
those towards the central region into sclerenchyma and the 
lus constituents of the vascular bundles, and those of 
the intermediate regions into parenchyma. 

The examination of the growing end of the stem shows us 
how the process of apical growth is carried on in a compli- 
cated plant like the fern. The apical cell is continually 
undergoing fission, forming a succession of segmental cells ; 
these divide and form the apical meristcm, which is thus 
being constantly added to at the growing end by the formation 
ind subsequent fission of new segmental cells : in this way the 
apex of the stem is continually growing upwards or forwards. 
But at the same time the meristem cells farthest from the 
apex begin to differentiate : some elongate but slightly, 
increasing greatly in size, and become parenchyma cells : 
others by elongation in the direction of length of the stem 
and by thickening and lignification of the coU-wall become 
sclerenchyma cells : others again elongate greatly, become 
arranged end to end in longitudinal rows, and, by the loss 
of their protoplasm and of the transverse partitions between 
the cells of each row, are converted into vessels — spiral or 
scalariform according to the character of their walls. Thus 
while the epidermis, parenchyma, and sclerenchyma are 
formed of cells, the spiral and scalariform vessels are «//- 
fusions, or more accurately cell-wall-fusions, being formed by 
the union in a longitudinal series of a greater or less number 
of cell-walis. It will be remembered that the muscle-plates 
of Polygordius are proved by the study of development to be 
cell-fusions {p. 305), 

We thus see that every cell in the stem of the fern was once 
a cell in the apical meristem, that every vessel has arisen by 
the concrescence of a number of such cells, and that the 
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meristem cells themselves are all derived, by the ordinary I 
process of binary fission, from Ihe apical cell. In this way I 
the concurrent processes of cell-division, cell-diflerentiation, " 
and cell-fusion result in the production of the various and i 
mplex tissues of the fully-formed stem. 
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The leaves vary greatly in form in the numerous genera I 
and species of ferns : they may consist of an unbranche<I' J 
s(a!A bearing a single expanded green blade: or the stalk I 
may be more or less branched, its ramifications bearing the \ 
lumerous subdivisions of the blade, ot pinnie. 

The anatomy of the leaf, like that of the stem, can be 1 
readily made out by a rough dissection. The leaf-stalk and j 
its branches have the same general structure as the stem, 1 
consisting of parenchyma coated externally with epidermis 
and strengthened internally by vascular bundles, which are 
continuous with those of the stem. But the blade, or in the 
case of a compound leaf, the pinna, has a different and quite 
peculiar structure. It is invested by a layer of epidermis 
which can be readily stripped off as an extremely thin, colour- 
less membrane, exposing a soft, green substance, the leaf 
parenchyma or mewphyll. The leaf is marked externally by 
a network of delicate ridges, the veins ,■ these are shown by 
dissection to be due to the presence of fine white threads 
which ramify through the mesophyll, and can be proved by 
tracing them into the leaf-stalk to spring from its vascular 
bundles, of which they are in effect the greatly branched 
distal ends. 

Microscopic examination shows the epidermis of the lear 
(k, ep and l) to consist of flattened, colourless cells of very 
irregular outline and fitting closely to one another like the 
parts of a child's puzzle. Amongst them are found at 
intervals pairs of sausage shaped cells {gd. c) placed with 
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their concavities towards one another so as to bound a 
narrow slit like aperture (si). These apertures, which are 
the only intercellular spaces in the epidermis, are called 
stomates: the cells bounding them are the guard-cells, and 
are distinguished from the remaining epidermic cells by 
the possession of a few chromatophores. 

The mesophyll, which as we have seen occupies the whole 
space between the upper and lower epidermis, is formed of 
thin-walled cells loaded with chromatophores (k, ms.ph) and 
therefore of a deep green colour. The cells in contact with 
the upper epidermis are cylindrical, and are arranged verti- 
cally in a single row : those towards the lower surface are 
very irregular both in form and arrangement. Large inter- 
cellular spaces {i, c. sp) occur between the mesophyll-cells 
and communicate with the outer air through the stomates. 

The leaves arise as outgrowths of the distal or growing 
end of the stem, each originating from a single segmental 
ceil of the apical cone. 

The fern is the first plant we have yet considered which 
possesses true roots, the structures so-cailed differing funda- 
mentally from the simple rhizoids of Nitelk and the mosses. 
Instead of being mere linear aggregates of cells, they agree 
in general structure with the stem from which they spring, 
consisting of an outer layer of epidermis within which is 
parenchyma strengthened by bands of selerenchyma and by 
a single vascular bundle in the cenire. The epidermic cells 
give rise to unicellular prominences, the root-hairs. 

The apex of the root, like that of the stem, is formed of 
a mass of meristera in which a single wedge-shaped apical 
cell (Fig. 82, M, ap. e) can be distinguished. But instead 
of the base of this cell forming the actual distal extremity, 
as in the stem (compare c), it is covered by several layers of 
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cells which constitute the root-cap {r.cp). In fact the apical 
cell of the root divides not only by planes parallel to its 
three sides, but also by a plane parallel to its base, and in 
this way produces not only three series of segmental cells 
(seg. f) which afterwards subdivide to form the apical 
meristem, but also a series of cap-cells {cp. c) which form a 
protective sheath over the tender growing end of the root as 
it forces its way through the soil. 

Roots are also peculiar in their development. Instead ot 
being, like leaves, prominences of the superficial tissues of 
the stem, they arise from a layer of cells immediately ex- 
ternal to the vascular bundles, and in growing force their 
way through the superficial portion of the stem, through 
a fissure from which they finally emerge. They are thus said 
to be endogenous in origin while leaves are exogenous. 

The nutrition of ferns is carried on in much the same 
way as in mosses (see p. 340). Judging from the analogy of 
flowering plants it would seem that the ascending current of 
water from the roots passes mainly through the xylem of the 
vascular bundles, while the descending current of nitrogenous 
and other nutrient matters for the supply of the colourless 
cells of the stem and roots passes chiefly through the phloem 
and especially through the sieve-tubes. The absorption of 
water is effected by the root-hairs. 



In the autumn there are found on the under surfaces of 
Che leaves brown patches called sort, differing greatly in 
form and arrangement in the various genera, and formed of 
innumerable, minute, seed-like, bodies, the sporangia (Fig. 
83, a), just visible to the naked eye. Each sorus or group j 
of sporangia is covered by a fold of the epidermis of the ] 
leaf, called the indusium. 
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A sporangium is attached to the leaf by a multicellular 
stalk (st), and consists of a sac resembling two watch-glasses 
placed with their concave surfaces towards one another and 
their edges united by a thick rim (an). The sides are 
formed by thin flattened cells with irregular outlines, the 
rim or anntilus of peculiarly shaped cells which are thin and 
broad at one edge (to the left in a), but on the other (to the 
right) are thick, strongly lignified, and of a yellowish -brown 
colour. The whole internal cavity is filled with spores 
(», sp) having the form of tetrahedra with rounded edges, 
and each consisting of protoplasm containing a nucleus, and 
surrounded by a double wall of cellulose. A spore is there- 
fore, as in mosses, a single cell. 

Each sporangium arises from a single epidermic cell of 
the leaf This divides repeatedly so as to form a solid mass 
of cells, of which the outermost become the wail of the 
s]>orangium while the inner are the spore -mother-eel Is. The 

I latter divide each into four spores, as in mosses (p. 339). 
As the spores ripen, the wall of the sporangium dries, and 

I as it does so the thickened part of the annuhis straightens 

J out, tearing the thin cells and producing a great rent through 

I which the spores escape (b). 



When the spores are sown on moist earth they germinate, 

by the |)rotoplasni, covered by the inner coat, protruding 

I through the ruptured outer coat (c, sp) m the form of a 

short filament. This divides transversely, forming two cells, 

the proximal of which sends off a short rhizoid (rh). The 

' resemblance of this stage to the young protonema of a moss 

s sufficiently obvious (see Fig. 81, d'., p, 338). 

Further cell-division takes place, and before long the 

I distal cells divide longitudinally, a leaf-like body being 

produced, which is called ihc prothallus (d). This is al first 
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rhiioid (rA) springing from the proxinial cell of the nidi men I a ry (two- 
Celled) prothallus. 

D, a. yonng prothallus, showing spore, rhizoid (rA), apical ctll 
(a/. £-), and segmental cells (se^. c). 

E, a.n advanced prothallus, fiom beneath, showing rhizoids {r/i), 
ovaries (irvy), and spermaries isfiy), 

F, a mature spermaiy of Plcrii, inverted {i.e. with its distal end 
directed upwards) so as to compare with Fig. 82, A. 

G, a single sperm, showing coitcd hody and numerous cilia. 
■^, a mature ovary of Asptdium, inverted so as to compare with Fig. 

B^, showing venter (11), neck («), ovum (ffw), and canal cells {en. c). 

, small portion of a prothallua of Asptenium in vertical section, 

« showing the venter (») and part of the neck (n) of a single ovary after 

I fertilization. The venter contains an embryo just passing from the 

polyplasi into the phyllula sta^e, and divided into four groups of cells, 

the rudiments respectively of^the foot {Jt), stem (j/), root (rt), and 

cotyledon (f/). 

K, vertical section of a prolhallus {prlk) of NepkroUpis, bearing 
rhiioids {rh), and a single ovary with greatly dilated venter (w) and 
withered neck (»). The venter contair^s an embryo in the phyllula 
st^e, consisting of foot (Jt), rudiments of stem {st), and root (rf), and 
cotyledon (rf) beginning lo grow upwards. 

L, prothallus {prih) with rhiioids (M), bearing a young fern plant, 
consisting of foot (,ft), mdiment of stem [si), first root (ri), cotyledon 
(rf), and first ordinary leaf (/). (After Howes. ) 

' only one layer of cells thick, bt2t it gradually increases in 
size, becoming mote or less kidney-shaped (e), and as it docs 
so its cells divide parallel to the surface, making it two and 
finally several cells in thickness. Thus the prothallus is 
at first a linear, then a superficial, and ultimately a solid 
aggregate. Root-hairs {rh) are produced in great number 
from its lower surface, and penetrating into the soil serve 
for the absorption of nutriment. At an early period a two- 
sided apical cell (d, ap. c) is differentiated, and gives off 
segmental cells (ieg.c)\n the usual way: an abutidant forma- 
tion of chroraatophores also takes place at a very early period 
in [he cells of the prothallus, which therefore resembles both 
in structure and in habit some very simple form of moss. 

On the lower surface of the prothallus gonads (e, spy, ovy) 
are developed, resembling in their essetitial features those of 



mosses. The spermaries (sfj) make their appearance first, 
being frequently found on very young prothalh. One of the 
lower cells forms a projection which becomes divided off by 
a septum : further division takes place, resulting in the 
differentiation (f) of an outer layer of cells forming the wall 
of the spermary, and of an internal mass of sperm-mother-cells 
in each of which a sperm is produced. The sperm (g) is a 
corks crew- like body, probably formed from the nucleus of the 
cell, bearing at its narrow end a number of cilia which 
appear to originate from the protoplasm. To the thick end 
is often attached a globular body, also arising from the 
protoplasm of the mother-cell ; this is finally detached. 

The ovaries (e and H, 0vy) are not usually formed until thi 
prothallus has attained a considerable size. Each arises, like 
a spermary, from a single cell cut off by a septum from 
of the lower cells of the prothallus : the cell divides and 
forms a structure resembling in general characters the ovary 
of a moss (see Fig. 8i, b, p. 338), except that the venter (h, 
v) is sunk in the prothallus, and is therefore a less distinct 
structure than in the lower type. As in mosses, also, an 
axial row of cells is early distinguished from those forming 
the wall of the ovary : the proximal of these becomes the 
ovum (of), the others are the canal-cells {iti. c), which are 
converted into mucilage, and by their expansion force open 
the neck and make a clear passage for the sperm. 

The sperms swarm round the aperture of the ovary and 
make their way down the canal, one of them finally conju- 
gating with the ovum and converting it into an oosperm. 

The early stages in the development of the embryo 
remind us, in their general features, of what we found to 
occur in mosses (p. 337). The oosperm first divides by a 
plane parallel to the neck of the ovary, forming two cells, aii' 
anterior nearest the growing or distal end of the prothalh 
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and a posterior towards its proximal end. Each of these 
divides again hy a plane at right angles to the first, there 
being now an upper and a lower anterior, and an upper and 
a lower posterior cell : the lower in each case being that 
towards the downwardly directed neck of the ovary. Each 
of the four cells undergoes fission, the embryo then consisting 
of eight cells, two upper anterior (right and left), two lower 
anterior, two upper posterior, and two lower posterior. We 
thus get a multicellular but undifferentiated stage, the 
polyplasE. 

It will be remembered that in mosses the polyplast forms 
an apical cell, and develops directly into the sporogonium 
(P' 337)- I" tl'e fern the later stages are more complex. 
One of the upper anterior cells remains undeveloped, the 
other (Fig. 83, i and K, st) takes on the form of a wedge- 
shaped apical cell, and, dividing in the usual way, forms a 
structure like the apex of the fern-stem, of which it is in fad 
the rudiment. The two upper posterior cells divide and 
subdivide, and form a multicellular mass called the/oot {ft), 
which becomes embedded in the prothallus, and serves the 
growing embryo for the absorption of nutriment. One of the 
lower posterior cells remains undeveloped, the other (ri) 
takes on the form of the apical cell of a root, i.e., of a wedge- 
shaped cell, which not only produces three sets of segmental 
cells from its sides but also cap-cells from its base (p. 354) ; 
division of this cell goes on very rapidly, and a root is pro- 
duced which at once grows downwards into the soil. Finally 
the two lower anterior cells undergo rapid fission, and 
develop into the first leaf of the embryo or cotyledon (ct), 
which soon begins to grow upwards towards the light. 

Thus at a comparatively early stage of its development 
the fern-embryo has attained a degree of differentiation far 
beyond anything which occurs in the moss-embryo. The 



scarcely differentiated polypkst has passed into a stage 
which may be called the phyliula, distinguished by the 
possession of those two characteristic organs of the higher' 
plants, the leaf and root. 

Notice how early in development the essential features of 
animal or plant manifest themselves. In Polygordius the 
polyplast is succeeded by a gastrula distinguished by the 
possession of a digestive cavity : in the fern no such cavity 
is formed, but the polyplast is succeeded by a stage dis- 
tinguished by the possession of a leaf and root. In the 
one case the characteristic organ for holozoic, in the other 
the characteristic organs for holophytic nutrition make their 
appearance, and so mark the embryo at once as an animal 
or plant. We may say then that while the oosperm and 
the polyplast stat;es of the embryo are common to the 
higher plants and the higher animals, the correspond- 
ence goes no further, the next step being the formation 
in the animal of an enteron, in the plant of a leaf and 
root. In other words the phyliula is the correlative of 



the I 



■ula. 



The cotyledon increases rapidly in size, and emerges 
between the lobes of the kidney-shaped prolhallus (l) : the 
root at the same time grows to a considerable length, the 
result being that the phyliula becomes a very obvious 
structure in close connection with the prothallus, and indeed 
appearing to be part of it. The two are actually, however, 
quite distinct, their union depending merely upon the fact 
that the foot of the phyliula is embedded in the tissue of 
the prothallus hke a root in the soil. Hence the phyliula 
is related to the prothallus in precisely the same way as the 
sporogonium to the moss plant (compare Fig. 83, k, with 
Fig. 81, C^, and Fig. 83, l, with Fig. 81, c*). 

The rudiment of the stem (l, st) continues to grow by the 
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production of fresh segments from its apical cell ; leaves (/} are 
developed from the segments, and grow upwards parallel with 
■ the cotyledon. The leaves first formed ate small and 
simple in structure, but those arising later become succes- 
sively larger and more complicated, until they finally attain 
the size and complexity of the ordinary leaves of the fern. 
In the meantime new roots are formed ; the cotyledon, the 
foot, and the prothallus wither, and thus the phyllula, by the 
successive formation of new parts from its constantly growing 
stem, becomes a fern-plant. 

We see that the life-history of the fern resembles in 
essentials that of the moss. In both, alternation of genera- 
tion occurs, a gamobium or sexual generation giving rise, by 
the conjugation of ovum and sperm, to an agamobium or 
asexual generation, which, by an asexual process of spore- 
formation, produces the gamobium. But in the relative 
proportions of the two genera ti on s^t he difference is very great. 
What we know as the moss plant is the gamobium, and the 
agamobium is a mere spore- producing structure, never getting 
beyond the stage of a highly differentiated polyplast, and 
dependent throughout its existence upon the gamobium, to 
which it is permanently attached. What we know as the 
fern plant is the agamobium, a large and complex structure 
dependent only for a brief period of its early life upon the 
small and insignificant gamobium. Thus while the gamobium 
is the dominant phase in the life-history of mosses, the 
agamobium appearing like a mere organ, in ferns the 
positions are more than reversed — the agamobium may 
assume the proportions of a tree, while the gamobium is so 
small that its very existence is unknown to a large propor- 
tion of fern-collectors. 

It follows from what has jusl been said that the various 
organs of a fern do not severally correspond with those of a 
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moss. The leaves of a moss are not homologous with those 
of a fern, but are rather comparable to lobes of the pro- 
thallus : in the same way the rhizoids of a moss correspond 
not with the complicated roots of the fern but with the 
rhizoids of the prothallus. 



LESSON XXX » 



CHARACTERS OF THE HIGHER PLANTS 

In the ayth Lesson (p. 307) it was pointed out that a 
thorough comprehension of the stracture and development 
of Polygordius would enable the student to understand the 
main features of the organization of all the higher animals. 

In the same way the study of the fern paves the way to 
that of the higher groups of plants, all of which indeed, differ 
far less from the fern than do the various animal types con- 
sidered in Lesson XXVII from Polygordius. We saw that 
the differences between these included matters of such im- 
portance as the presence or absence of segmentation and of 
lateral appendages, the characters of the skeleton, and the 
structure and position of the nervous system. In the higher 
plants, on the other band, the essential organs — root, stem, 
and leaves — are, save in details of form, size, &c., practically 
the same in all ; the tissues always consist of epidermis, 
ground-parenchyma, and vascular bundles, the latter being 
divisible into phloem and xylem ; the growing point both of 
stem and of root is formed of meristem, from which the per- 
manent tissues arise ; and the growing point of the root is 

' Readers who have nol sluilki 
uf the chief gruiips uf planls, will i 
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always protected by a root-cap, that of the stem being simply 
over-arched by leaves. Moreover an alternation of genera- 
tions can be traced in all cases. 

Plants may be conveniently divided into the following 
chief groups or phyla : 

Algce. 

Fungi. 

MuscinecB, 

Vascular Cryptogams, 

Filicinse. 

Equisetacese. 

Lycopodinese. 
Phanerogams, 

Gymnosperms. 

Angiosperms. 

The AlgcB are the lower green plants. They may be 
unicellular, or may take the form of linear, superficial, 
or solid aggregates : they never exhibit more than a 
limited amount of cell-differentiation. This group has been 
represented in the foregoing pages by Zooxanthella, diatoms, 
Vaucheria, Caulerpa, Monostroma, Ulva, Laminaria, and 
Nitella.1 

The Fungi are the lower plants devoid of chlorophyll : 
some are unicellular, others are linear aggregates : in none 
is there any cell-differentiation worth mentioning. Saccharo- 
myces, Mucor, Penicillium, and the mushroom belong to 
this group. 

The position of some of the lower forms which have come 
under our notice is still doubtful. Bacteria, for instance, 
are considered by some authors to be Fungi, by others Algae, 

^ By some authors Nitella is placed near the Muscinese. 



while others place them in a group apart. Diatoms also are - 
sometimes placed in a distinct group. It must, moreover, 
be remembered that most botanists include HKraatococcus 
and Volvox among Algte, and place the Mycetozoa either 
among Fungi or in a separate group of chlorophyll-less 
plants (p. i3i). 

The Musdn(x are the mosses and liverworts, the former 
of which were fully described in Lesson XXVIII. 

The Vttsadar Cryptogams are flowerless plants in which 
vascular bundles are present. Together with the Phanero- 
gams they constitute what are known as vascular plants, in 
contradistinction to the non-vascular Algx, Fungi, and 
Musdneffi, in which no formation of vessels takes place. The 
group contains three subdivisions. 

The first division of Vascular Cryptogams, the Filidna, 
includes the ferns, an account of which has been given in 
the previous lesson. It will be necessary, however, to devote 
some attention to an aquatic form, called Salvinia, which 
differs in certain important particulars from the more familiar 
members of the group. 

The Equisdacee include the common horsetails (genus 
EquUetuni), a brief account of which will be given, as 
they form an interesting link in their reproductive processes 
between the ordinary ferns and Salvinia. 

The Lycopodinem, or club-mosses, are the highest of the 
Cryptogams or flowerless plants. A short description of one 
of them, the genus SdagiaeUa, will illustrate the most 
striking peculiarities of the group. 

The Phanerogams, or flowering plants, are so called from 
the fact that their reproductive organs take the form of 
specially modified shoots, called cones or flowers. They are 
sometimes called by the more appropriate name of Sperma- 
phylts, or seed-plants, from the fact that they alone among 
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plants, reproduce by means of seeds, structures which difTer ■ 
from spores in the fact that each contains an embryo plant 
in the phyllula stage. 

The Gymnosperms, or naked-seeded Phanerogams, include 
the cone-bearing trees, such as pines, larches, cypresses, &c., 
as well as cycads and some other less familiar forms, A 
general account of this group will be given. 

The Angiosperms, or covered-seeded Phanerogams, include 
all the ordinary flowering plants, as well as such trees as 
oaks, elms, poplars, chestnuts, &c. A brief description of 
the general features of this group will conclude the lesson, 

Equisetum 

horsetail consists of an underground creeping stem 
from which vertical shoots are given off. Some of these 
bear only leaves and branches, others are peculiarly modified 
and produce sporangia. 

A fertile or sporangium-bearing shoot terminates distally 
n a conical body (Fig. 84, a), formed of closely-fitting 
hexagonal scales {sp.pk). Each scale (b, sp.ph) is attached 
by a stalk to the axis of the shoot, and bears on its inner 
surface a number of sporangia {spg). The scales are 
modified leaves, and since they alone produce sporangia 
they are distinguished from the ordinary foliage-leaves as 
sporophylh. 

The spores, which have the same general structure as those 
of ferns, are liberated by the bursting of the sporangia, and 
germinate, giving rise to prothalli. But instead of the 
prothalli being all alike in form and size and all moncecious, 
some (c) remain small and simple, and produce only 
spermaries i^Py), others (d) attain a complicated form and 
a length of over a centimetre, and produced only ovaries 
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(evy). Thus although there is no difference in the spores, 
the prothalK produced from them are of two distinct kinds, 
the smaller being exclusively male, the larger ftraile 




. —Reproduction and Development oi Ejuintmii. 

I, distal End of a fertile shdot, shuwing two leaf-sheaths [/. sh), and 
Ihe cone formed of heiLagonal siiorophylls {sp, pk). (Nat. size.) 

B, diagrammalic vertical section of a portion of the cone, showing the 
Eporophflls {sp. pU) attached by short stalks to the axis of the cone, and 
biearing sporangia (t/tf) on their inner surfaces. 

c, a male prolhallus bearing three spennaiies (i^ji). (x 100.} 

D, portion of a female prothallus bearing three ovaries {.ovy), those to 
[he right and left containing ova, that in the middle a polyplast ; rh, 
thizoids. (X30.) 

(a, after Le Maout and Decaisne ; C and d, after Hofineister.) 

The oosperm develops in much the same way as in 
ferns ; it divides and forms a polyplast, which, by formation 
of a stem, root, foot, and two cotyledons, becomes ^ 
phyllula and grows into the adult pliint. 
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As in the fern, the Equisetum plant, reproducing as i 
does by asexual spores, is the agamobium, the gamobium 
being represented by the prothallus. The peculiarity in the 
present case is that the gamobium is sexually dimorphic, 
some prothalli producing only male, others only female 
gonads. 

Salvinia 

Salvinia is a fresh-water plant, consisting of a long floating 
stem bearing at intervals whorls of leaves. Of these some 
have the ordinary character while others hang downwards 
into the water and have the form and function of roots, fl 
True roots are absent. 

The sori or groups of sporangia (Fig. 85, a) are bome oifl 
the proximal ends of the submerged leaves, each being e 
closed in a globulaJ case corresponding to the indusium of j 
ordinary ferns. They differ from the sori of the typical , 
ferns in being dimorphic, some containing a comparatively I 
small number of large po ang a ( ^ s/ig) others a muchl 
larger number of small on (» pg). The larger kind, f 
distinguished as jnegaspe a g a onta n each a single large 1 
spore, or megaspore : the small k nd, or fiiicrosporangia, 
contain a large numbe of n n te po es, like those of an ( 
ordinary fern, and call An p It is this striking ] 

dimorphism of the so p -m^ a and spores which forms \ 
the chief distinction bet Sal n a nd its allies and the j 

true ferns. 

The microspore germinates (b), while still enclosed i 
sporangium, by sending out a filament, the end of which {spy) I 
becomes separated off by a septum and then divided into | 
two cells. The protoplasm of each of these divides into , 
four sperm-mother-cells, and from these, spirally-twisted ] 
sperms are produced in the usual manner. It is obvious j 
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that the two cells in which the spenns are developed repre- 
sent a greatly simplified spermary : the single proximal cell 




F'li;, 85. — Reproduction and Developmcnl of Salviiiia. 

A, portion of a submei^ed leaf, showing three sori in vertical section, 

two containing microsporajigia (mi. spg) and one mcgasporangia {mg. 
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a g;erminaling microspore {mi. s/g), showing the vestigial prolhallus 
(^(■/A) and spermary (i^), (x 150.) 

c, diagrammatic vertical section of a germinating megasporc, showing 
the onter {nig. sfi) and inner (mg. sj^) coata of the spore, and its cavity 
(f) containing jjlaslic products, separated by a septum (rf) from the pro- 
lhallus (/rfA), in which two ovaries (ffsy) are shown, that to the left 
containing an ovum, that to the right a polyplast. ( x 50. ) 

y, ra^aspore {tug. sp) with prothallas {prth) and phyllula just begin- 
ning to develop into the leafy plant : st, stem 1 cl, cotyledon ; and /, 
outermost leaf of the terminal bud, (x 20.) 

(a and B, after Sachs ; D, after Pringshcim.) 

{prth) of the filament arising from the microspore, a still 
more simplified prothallus. Both prothallus and spermary 
are vestigial structures ; the prothallus is microscopic and 
unicellular instead of being a solid aggregate of considerable 
size, as in the two preceding types ; the spermary is bicellular 
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instead of being formed of a distinct wait and an internal I 
mass of cells ; and the number of sperms is reduced to | 
eight. 

The contents of the megaspore are divisible into a com- 
paratively small mass of protoplasm at one end and of starch 
grains, oil-globules, and proteid bodies, which fill up the rest 1 
(c, c) of the si>orc. The megaspore has in fact attained its I 
large size by the accumulation of great quantities of plastic | 
products, which serve as nutriment to the future proihallus- I 
and embryo. 

The protoplasm of the megaspore (c) divides and forms a J 
prothallus {prlh) in the form of a three-sided multicellular 1 
mass projecting from the spore, which it slightly exceeds in j 
size. Several ovaries {o7y) are formed on it, having much J 
the same structure as in ordinary ferns. Thus tJie reduction J 
■of the prothallus produced from the megaspore, although I 
obvious, is far less than in the case of that arising from the J 
microspore. 

We see that sexual dimorphism has gone a step further in I 
Salvinia than in Equisetum ; not only are the prothaUi J 
differentiated into male and female, but also the spores 1 
from which they arise. 

Impregnation takes place in the usual way, and the I 
oosperm divides to form a polypjast, which, by differentiation ( 
of a stem-rudiment, a cotyledon, and a foot, passes into the 1 
phyllula stage : no root is develoi>ed in Salvinia. By the \ 
gradual elongation of the stem (n, si) and the successive \ 
formation of whorls of leaves (/), the adult form 
assumed. 

Thus the life-history of Salvinia resembles that of the -I 

fern, but with two important differences : the spores arel 

dimorphic, and the gamobium, represented by the male aniJ-J 

■ female prothalli, is greatly reduced. 
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Selacinella 

Selaginella, one of the club-mosses, consists of a long 

I branching stem bearing numerous close-set leaves. It thus 

I resembles in external appearance a moss, but the essential 

difference between the two is seen from a study of their 

histology, Selaginella having a distinct epidermis and 

vascular bundles like the other Vascular Cryptogams. 

The branches terminate in cones (Fig. 86, a) formed of 
' small leaves {sp. pli) which overlap in somewhat the same 
way as the scales of a pine-cone. Each of these leaves is a 
sporophyll, and bears on its upper or distal side, near the 
' base, a globular sporangium. The sporangia are fairly 
I uniform in size, but some are megasporangia (mg. ipg) and 
t contain usually four megaspores, others are microsporangia 
I (ini. spg) containing numerous microspores. 

The microspore (b) cannot be said to germinate at all. Its 
protoplasm divides, forming a small cell {prth), which repre- 
sents a vestigial prothallus, and a large cell, the representative 
of a spermary. The latter {spy) undergoes further division, 
fomiing six to eight cells in which numerous sperm-mother- 
f cells are developed, 

A similar but less complete reduction of the prothallus is 
;een in the case of the megaspore (c). Its contents are 
I divided, as in Salvinia, into a small mass of protoplasm at 
I one end, and a large quantity of plastic products filling up 
I the rest of its cavity. The protoplasm divides and forms a 
small prothallus ( priH), and a process of division also takes 
place in the remaining contents {prth') of the spore, pro- 
ducing a large-celled tissue, the serendary prothallus. 

By the rupture of the double cell-wall of the megaspore 
f the prothallus is exposed to the air, but it never protrudes 
. through the opening thus made, and is therefore, like the 
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^^M corresponding male structure, purely endogenous. A few 
^H ovaries (ovy) are formed on it, each consisting of a shoi^l 
^H neck, an ovum, and two canal-cells afterwards converted into^ 











Fio. 86.— Reproduction and Development oi Selaginella. 

A, diE^rammalic vertical section of a cone, consisting of an axi 
ing dose-set sporophylls (sp. ph), on the bases of which microsporangi* 
(mi. spg) and megasporingia {mg. spg) are bomc, 

B, section of a microspore, showing the outer coal {mi. ip), piothalli 
cell {prth), and multicellular spermary (spy). , 

c, vertical section of amegaspore, ihewall of which {mg. ip) has been 
burst by the growth of the prolhallus {prlA) : its cavity IprfA') contains 
a large-celled tissue, the secondary prolhallus : in the prothallas are 
three ovaries (oiy), that to the left containing an ovum, that to ihe right 
an embryo (rf»^)in the polyplast stage, and that in [he centre an embryo 
in the phyllula stage, showing slem-nidiment {i/), foot (/), and two 
cotyledons {ct) : both embryos are provided with siispensors (dotted) 
{spir), and have sunk into the sccon^ry prothallus. 

(Altered from Sachs. ) 

mucilage : there it 
two tiers of cells. 

The oosperm divides by a plane at right angles to th«'l 
neck of the ovary, forming the earliest or two-celled stage ofj 



s no venter, and the neck consists of onlyJ 
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the polyplast. The upper cell undergoes further division, 
forming an elongated structure, the suspefisor (dotted in c) : 
the lower or embryo proper {emb) is forced downwards into 
the secondary prothallus by the elongation of the suspensor, 
and soon passes into the phyllula stage by the difTerentiation 
of a stem-rudiment {si), two cotyledons (rf), a foot, (/) and 
subsequently of a root 

A further reduction of the gamobium is seen in Selagi- 
nella : both male and female prothalli are quite vestigial, 
never emerging from the spores : and the spermary and 
ovary are greatly simplified in structure. 

Gym N OS PERMS 

Such common Gymnosperms as the pines and larches 
have the character of forest trees, the stem being a strong, 
woody trunk. The numerous, close-set branches bear small, 
needle-like leaves, and the root is large and extensively 
branched. 

On the branches are borne structures of two kinds, the 
male and female cones or flowers (Fig. 87, a and c). Both 
are to be considered as abbreviated shoots consisting of an 
axis bearing numerous sporophylls {up. ph). Frequently, as 
in the pines, several male cones are aggregated together, 
forming an injlorcsceitce, or group of flowers. 

In the male cone (a) the sporophylls (stamens, sp. ph. $ ) 
are more or less leaf-Hke structures, each bearing on its 
under or proximal side two or more tliicrosporangia (pollen- 
sacs, mi. spg). The mother-cells of these divide each into 
four microspores (pollen-grains), which are liberated by the 
rupture of the microsporangia in immense quantities. The 
microspore (e) is at first an ordinary cell consisting of proto- 
plasm with a nucleus and a double cell-wall, but upon being 




1. 87- — Reproduclion and Development of Gymnosptrms. 
K, diagrammatic veriical section of male cone, showing aiiswith mnle 
. jrophjlls (i/. //;. iJ ) bearing microsporangia {mi. spg) : fir, scale-like 
leaves fnmiing a nidjmenlary peiianlh. 
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B, a single microspore, showing bladder- like processes of 
and conlenla divided into small prothallial cell (a) and large cell (A), 
from whieli the pollen-tube arises. 

c, diagrammatic vertical seclioa of female cone, showing axis with 
female sporophylls (i/, ph. 9 ) bearing megasporangia {"ig. spg), each of 
which contains a single megaspore (wy. sp)\ pir, the scale-like perianth 

D, diagrammatic vertical section of a megasporangium, showing 
cellular coat (/), and nncellus (wr/), micropyle {^ipy\ and megaspote 
{mg. sp) : the latter contains the prothallus [frth) in which are two 
ovaries, that to the left showing a large ovum (av) and neck-cells, while 
that lo the right has given nse to an embryo i/mb) which is in the 
phyllula stage, and has sunk into the tiisue of the prothallus by the 
elongation of tlie long suspensor {tpsr). 

A microspore {mi. sp) is seen in the micropyle Bending off a poUen- 
tnbe (/. /), the end of which is applied lo the necks of the two ovaries. 

E, diagrammatic vertical section of a seed, showing coat (I), micro- 
pyle {tapy), and endosperm [cnJ), in which is embedded an embryo in 
the phfllula stage, consisting of stem -rudiment {si), cotyledons {el), and 

(a and S, altered from Strasburger ; D and E, altered from Sachs.) 

liberated the protoplasm tiivides, as in Selaginella, into two 
cells, a small one {a) the vestige of the male prothallus, and 
a large one {b) which does not develop sperms, but under 
favourable circumstances undergoes changes which will be 
1 escribed presently. 

In the female cone (c) each sporophyll (carpel, sp. ph, 9 ) 
bears on its upper or distal side two megasporangia (so-called 
ovules, mg. spg) the structure of which is peculiar. Each 
consists of a solid massof small cells called the nucdlm (t>, net), 
attached by its proximal end to the sporophyll, and sur- 
rounded by a wall or inUgument {I) also formed of a small- 
celled tissue. The integument is in close contact with the 
nucellus, but is perforated distally by an aperture, the 
itieropyle (nipy), through wliich a small area of the nucellus 
s exposed. 

Each megasporangium contains only a single megaspore 
(embryo sac, c and d, vig. sp) in the form of a large ovoidal 
body embedded in the tissue of the nucellus, It has at 
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first the characters of a single cell, but afterwards, by divisiont. 
of its protoplasm, becomes filled with small cells represent i.n|p 
a prothallus {prih). As in Vascular Cryptogams, singleB 
superficial cells of the prothallus are converted into ovari^J 
which are extremely simple in structure, each consistingS 
of a large ovum {ov), and of a variable number of neck- 
cells. 

The pollen, liberated by the rupture of the microsporangia, j 
is carried to considerable distances by the wind, some of it | 
falling on the female cones of the same or another tree, 
this way single microspores (pollen-grains) find their way "I 
into the micropyle of a megasporangium {d, mi. sp). Thisl 
is the process known as pollination, and is the necessaryj 
antecedent of fertilization. 

The microspore now germinates : the outer coat bursts, | 
and the larger of the two cells {a, b) protrudes in the form | 
of a filament resembling a hypha of Mucor, and called i 
pollen-tube {d, /./). This forces its way into the tissue of ( 
the nucellus, like a root making its way through the soil, 
and finally reaches the megaspore in the immediate neigh- 
bourhood of an ovary. A process then grows out from the I 
end of the tube, passes between the neck-cells, and cornea ir 
contact with the ovum. 

In the meantime the nucleus of the large cell {b) of the I 
microspore— that from which the pollen-tube grows — has | 
travelled to the end of the poJlen-lube and divided into two. | 
Protoplasm collects round each of the daughter nuclei, con- > 
verting them into cells, one of which remains undivided, 1 
while the other divides, and its substance passes from the 1 
pollen-tube into the ovum, where it forms a cell-like body, 
to which the name of male pronucleus (see p. 263) has 
been applied. This conjugates with the nucleus of the 1 
ovum, or female pronucleus, and thus effects the process J 
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of fertilizarion, or the conversion of the ovum into the 
oosperm. 

The mode of formation of cells described in the preceding 
paragraph should be specially noted. Instead of the ordin- 
ary process of fission hitherto met with, the products of 
division of a nucleus become surrounded by protoplasm, 
cells being produced which iie freely in the interior of the 
mother-cell. This is called /re^ cell-formation. 

The development of the oosperm is a very complicated 
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h p h 11 filling the megaspore develop 
f 1 las p d s, such as fat and albumin- 
ous substances, to be used in the nutrition of the embryo : 
the tissue thus formed is the endosperm (end). The mega- 
sporangium is now called a seed (see p. 365). 

Under favourable circumstances the seed germinates. 
By absorption of moisture its contents swell and burst the 
seed-coat, and the root of the phyllula {r) emerges, followed 
before long by the stem (sf) and cotyledons {ft). The 
phyllula thus becomes the seedling plant, and by further 
growth and the successive formation of new parts is converted 
into the adult, 
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In Gymnosperras we see an even more striking reduction^ 
of the gamobium than in Selaginella, The female prothalluM^ 
is permanently inclosed in the megaspore, and the megasporeB 
in the megasporangium : the ovaries also are greatly simplified J~ 
The male prothallus is represented by the smaller cell of the! 
microspore, and no formation of sperms takes place, fen 
tion being effected by cells developed in the extremity of afl 
tubular prolongation of the larger cell of the microspore, and 
resulting from a modification of its nucleus. 

It is worthy of notice that Phanerogams alone among^ 
the higher organisms, have abandoned the ordinary methot 
of fertilization by the conjugation of ovum and sperm, 
this respect they are the most specialized of living things. 

Akgiosperms 

In this group the general relations of the main parts ( 
the plant — stem, leaves, roots, &c. — are the same as infl 
Gymnosperms. 

The flowers, in which, as in Gymnosperras, the organs ofl 
reproduction are contained, have a very characteristic struc-'.l 
tm'e, which, although presenting almost infinite variety in' 
detail, is the same in its essential features throughout thel 
group. 

A typical angiospermous Rower {Fig. S8, a) is a greatly 1 
abbreviated shoot, consisting of a short axis {fl. r) of limited I 
growth bearing four whorls of leaves, of which those of the I 
two distal whorls are sporophylls. 

The axis of the floral shoot (a. fl. r) is usually broad and \ 
more or less conical in form and is called Xh^ floral receptacle. J 
The leaves of the lower or proximal whorl (per'), usually! 
from three to five in number, are small green bodies which4 
cover the other parts in the unopened flower : tliey are calle4l 
sepah and together constitute the calyx, 
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ihylls or stamens (i/>. /*. ij ), and one of female aporoiihylls or 
i (j/, ph. 9 ), 

The maJe Eporophyll bears raicrosporangia [mi. spg) containing 
microspores (mi. j/). 

The female sporophyli consists of a solid style (sl\ (erminaled by a 
stigma (i/f), uid of a hollow renter {v) containing a mega-sporangium 
(i"*"- 'Ph in "luch b a single mcgaspore {mg. ip). 

On the righl side a microspore is shown on the stigma, and has tent 
off a pollen-tube {/. /) through the tissue of Ihe style to the micropyle 
of the megasporangiiim. 

b', diagram of a female sporophyll from the distal aspect, and B*, the 
same in transverse section, showing the folding in of its edges to form 
the cavity or venter in which the megasporangia {_mg. spg) are enclosed : 
m.r, [he midrib. 

C', a microspore, showing the two cells (a and li) into which its 

c", thesame, sending out a pollen-tabe(^./) : ««, nu', the two nuclei, 
s, diagrammatic vertical section of a meg sporangium, showing the 
double integument (/',/'), nucellus (»i'^, micropyle (m./y), andmi^a- 
spore {mg. sp") -. the latter contains the secondary nucleus (»«) in the 
centre, t&ee antipodal cells {ant') at the proximal end, and two sj^er- 
gidre {?ng) and an ovum (™) at the distal end. 

A pollen.tube (A >s shown with its end in contact with the 
synetgidfe. 

E, semi-diagrammatic section of the megospore of a young seed, 
showing an embryo [emb') in the polyplast stage with its suspensor 
(j/jr) : also numerous vacuoles {vae) and nuclei (nu). 

F, diagrammatic vertical section of a ripe seed, showing the seed-coat 
(/), micropyle (m/j"), pcrisperm {per) derived from the tissue of the 
nucellus, and endosperm {,nid) formed in the m(^;asporc and containing 
an embryo in the phyllula stage with stem-rudiment (j/), cotyledons (ct), 
and root (r). 

(b' after Behrens ; c', c', and e altered from Howes,) 

Above the sepals comes a whorl of leaves {Pe^\ usually 
of large size and bright colour, forming in fact the most 
obvious part of the flower. These are \hc petals and together 
constitute the corolla. The calyx and corolla together are 
conveniently called the perianth, because they inclose the 
sporophylls or essentia! part of the flower. The presence of 
a well-marlied perianth is characteristic of the majority of 
Angiosperms, and distinguishes them from Gymnosperms, in 
which this part of the flower is quite rudimentary (see Fig. 
,. and B, per). 



1'he third whorl is called collectively the amirtecium-, and 
consists of a variable number of stamens or male sporo- 
p\\y\\^{sp.ph. i ). Each stamen is along narrow leaf bearing at 
its distal endfour microspiorangia {pollen sacs, mi. j/*f) united 
into a lobed knob-like body, the anther. The microspores 
(c^) are at first simple cells with double cell-walls, but sub- 
sequently the protoplasm becomes divided into two cells, 
aa in Gymnospcrms, a smaller {a) and a larger {b). The two 
are not, however, separated by a firm septum of cellulose, 
and the smaller cell frequently comes to lie freely in the 
protoplasm of the larger. Moreover it appears that the 
nucleus of the smaller is the active agent in feriilizalion, and 
that the larger must therefore be considered as representing 
the vestigial prothallus. 

The fourth or distal whorl of the flower is called collec- 
tively the gyitacium or pis/il, and consists of one or more 
carpels or female sporophylls {sp. ph. ?), which are modified 
in a characteristic manner. In some cases each carpel (b', 
B^} becomes folded longitudinally along its midrib {«t.r), and 
its two edges, thus brought into contact, unite so as to 
inclose a cavity. Concrescence only affects the proximal 
part of the carpel, which thus becomes a hollow capsule, the 
»<r«/(rr- (so-called ovary, a, v) -. its distal portion usuallytakes 
the form of a slender rod-tike body, the style (sf), tetniinated 
by an enlarged extremity, the stigma {stg) which is covered 
with hairs and is frequently sticky, In some Rowers, on the 
other hand, all the carpels of the gynKciura unite with one 
another by their adjacent edges, so as to inclose a cavity 
common to all : in this case also the hollow portion or venter 
is formed by the pronimal part only of the carpels, their 
distal portions forming a simple or multiple style and 
stigma. 

The megasi)orangia (ovules, a and b, mg. s/ig) are usually 
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borne on the edges of the carpels, and, owing to the union 
of the latter, become inclosed in the cavity of the venter, 
and are thus completely shut off from all direct communica- 
tion with the externa! world. It is this inclosure of the 
megasporangia in a cavity formed by the sporophylls on 
which they are borne which constitutes the chief character 
distinguishing Angiosperms from Gymnosperms. 

The megasporangia (d) differ from those of Gymnosperms 
chiefly in having a double integument : both coats {l\ ^) as 
as the nucellus (wf/), or central mass of tissue, are com- 
posed of small cells : and the megaspore (embryo-sac, mg. 
sp) is a single cell of great size embedded in the nucellus. 

No prothallus is formed in the megaspore, but its nucleus 
divides, the products of division pass to opposite ends of the 
spore, and each divides again and then again, so that four 
nuclei aie produced at each extremity. Three of the nuclei 
at the proximal end — that furthest from the niicropyle — 
become surrounded by jirotoplasm and take on the character 
of cells (d, aiil) : the fourth remains unchanged. Similarly 
of the four nuclei at the distal or micropylar end, one 
remains unchanged and three assume the form of cells by 
becoming invested with protoplasm {see p. 376). Of these 
three, two lie near the wall of the megaspore and are called 
syturgidte (sng) : the third, more deeply placed, is the ovum 
{ov). The two unaltered nuclei now travel to the centre of 
the megaspore and unite with one another, forming the 
seandary nucleus {nu) of the spore. 

There is thus a single ovum produced in each megaspore, 
but no ovary and no prothallus : the female portion of the 
gamobium is reduced to its simplest expression. 

Pollination may take place, as in Gymnosperms, by the 
agency of the wind, but usually the microspores are carried 
by insects, which visit the flowers for the sake of obtaining 
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nectar, a saccharine fluid secreted by certain parts. The 
microspores are deposited on the stigma (a), where they 
germinate, each sending off a pollen-tube (a and C*, /. /), 
which grows downwards through the tissue of the stigma and 
style to the cavity of the venter, where it reaches a megaspo- 
rangium, and entering at the micropyle (d, p. t), continues 
its course through the nucellus, finaJly applying itself to the 
distal end of the megaspore in the immediate neighbourhood 
of the synergidEe. 

In the meantime the nuclei of the microspore (c*, nu, 
"««') have passed into the end of the pollen-tube. The 
nucleus of the larger cell undergoes degeneration, becoming 
shrivelled and unaffected by dyes ; that of the smaller cell 
divides by karyokinesis. One of the two daughter-nuclei 
thus formed also degenerates, the other, accompanied by 
its directive spheres, passes through the softened cell-wall of 
the swollen end of the pollen-tube and enters the ovum, 
uniting with its nucleus in the usual way. 

The ovum is thus converted into an oosperm or unicellu- 
lar embryo : it acquires a cell-wall and almost immediately 
divides into two cells, of which that nearest the micropyle 
becomes the suspensor {e, spsr), the other, or embryo 
proper {emb), forming a solid aggregate of cells, the 
polyplast. By further differentiation rudiments of a stem 
(F, si), a root {r) and either one or two cotyledons (f/) 
are formed, and the embryo passes into the phyllula stage. 

While the early development of the embryo is going on, 
the secondary nucleus of the megaspore divides repeatedly, 
and the products of division (e, nu) becoming surrounded 
by protoplasm, a number of cells are produced, which, by 
further multiplication, fill up all that part of the megaspore 
which is not occupied by the embryo. The tissue thus 
formed is called the endosperm (f. end), and occupies pre- 
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cistly the position of the vestigial prothallus of Gyninosperms 
(Fig, 87, p. 374, v>,prlh, and e, end: and p. 376), differing 
from it in the fact that it is only formed after fertilization. 
We have here a case of retarded development : the degenera- 

a of the prothallus has gone so far that it arises, by free 
cell-form a lion, long after the formation of the ovum which, 
in both Gymnosperms and Vascular Cryptogams, is a 
specially modified prothallial cell. 

The phyllula continues to grow and remains inclosed in 
the megasporangium, which undergoes a corresponding in- 
crease in size and becomes the seed. One or more seeds 
also remain inclosed in the venter of the pistil, which grows 
considerably and constitutes the/ruii. Finally the seeds are 
liberated, the phyllula protrudes first its root, and then ifs 
stem and cotyledons through the ruptured seed-coat, and 
becomes the seedling plant. 

We learn from the present lesson that there is a far greater 
uniformity of organization among the higher plants than 
among the higher animals, not only in anatomical and 
histological structure, but also in the fact that alternation of 
generations is universal from Nitella and the mosses up to 
the highest flowering plants. But as we ascend the series, 
the gamobium sinks from the position of a conspicuous 
leafy plant to that of a small and insignificant prothallus, 
becoming finally so reduced as to be only recognizable as 
such by comparison with the lower forms. 
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A.— AN ACCOUNT OF THE STRUCTURE, PHYSIOLOGY, 
AND LIFE-HISTORY OF A SERIES OF TYPICAL 
ORGANISMS IN THE ORDER OF INCREASING 
COMPLEXITY. 

I. — The Simpler Unicellular Organisms. 

1. Amceba. 

PAGE 

Cell-body amoeboid or encysted : cell- wall nitrogenous (?): 
nutrition holozoic : reproduction by simple or binary 
fission I 

2. Hamaiococcus. 

Cell-body ciliated or encysted : cell-wall of cellulose : 
nutrition holophytic : reproduction by binary fission . . 23 

3. Heteromita. 

Cell-body ciliated : nutrition saprophytic : asexual repro- 
duction by binary fission : sexual reproduction by conju- 
gation of equal and similar gametes followed by multiple 
fission of the protoplasm of the zygote, forming spores . 36 

4. Euglena, 

Cell-body ciliated or encysted : cell-wall of cellulose 
mouth and gullet present : nutrition holophytic and 
holozoic : reproduction by binary and multiple fission . . 44 

5. Protomyxa, 

Cell-body amoeboid, ciliated or encysted : plasmodia 
formed by concrescence of amoebulse : cell-wall nitro- 

fenous (?) : nutrition holozoic : reproduction by multiple 
ssion of encysted plasmodium 49 

C C 
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PAGE 

6. Mycetozoa, 

Like Protomyxa, but owing to the presence of nuclei the 
relation of the individual cell-bodies to the Plasmodium 
is more clearly seen : cell wall of cellulose 52 

7. Saccharomyces, 

Cell-body encysted : cell-wall of cellulose : nutrition 
saprophytic : reproduction by gemmation or by internal 
fission : acts as an organized ferment 7^ 

8. Bacteria, 

Cell-body ciliated or encysted : cell-wall of cellulose : 
nutrition saproph3rtic : reproduction by binary fission or 
by spore-formation : act as organized ferments : the 
simplest and most abundant of oi^anisms 82 

II. — Unicellular Organisms in which there is considerable 
Complexity of Structure accompanied by Physiological 
Differentiation. 

a. Complexity attained by differentiation of cell-body. 

9. Paranicecium. 

Medulla, cortex, and cuticle : trichocysts : complex con- 
tractile vacuoles : nucleus and paranucleus : mouth, 
gullet, and anal spot : conjugation temporary, no zygote 
being formed, but interchange of nuclear material during 
temporary union 106 

10. Stylonychia, 

Extreme differentiation or heteromorphism of cilia ... 116 

11. Oxytricha, 

Fragmentation of nucleus 120 

12. Opalina. 

Multiplication of nuclei ; parasitism and its results ; 
necessity for special means of dispersal of an internal 
parasite 121 

13. Vorticella. 

A stationary organism : limitation of cilia to defined 
regions: muscle-fibre in stalk : necessity for means of 
dispersal in a fixed organism : conjugation between free- 
swimming micro- and fixed mega-gamete : zygote indis- 
tinguishable from a zooid of the ordinary kind .... 126 

14. Zoothdmnium. 

A compound organism Or colony with dimorphic (nutri- 
tive and reproductive) zooids : begins life as a single 
zooid 135 



CatcareouE shells (cd!-iia11s) of v 



i6. Raiiiolaria. 

Membranous perfamted shell (cell-wall) and external 
silicious skeleton oden of great complexily ; symbiolic 
relatioiui with Zooxanlhetia . 153 

17. Diatoms. 

Silicious, two-valved, highly-omamented shell? .... 155 

t. Complexity attained by simple elongation and branching of the 

18. Mucar. 

A branching filamentous fungus : necessity for s)]ecial 
reproductive organs in such an oi^nism ; ibey may be 
sporangia producing asexual spores, or equal and simitar 
gametes producing a resting zygote 158 

19. Vautlicria. 

A branched filamentous alga : clear distinctiDn between 
Ihe gametes or conjugating bodies and the sexual repro- 
ductive organs or gonads in wbich they are produced : 
gonads differentiated into male (spermacy) and female 
{ovary) : gametes differentiated into male (sperm) and 
female (ovum) : zygote an oospenn 169 

aa Caultrfa. 

Illustrates maximum differentiation or a unicellular 
Plat>t:st, 

III. — Organisms 
multiplicat 
Differentiation. 



%l. PenUiUiam. 

A multicellular, filamentous, branched fungus : mycelial, 
sabmer^d, and aerial hypha: : apicaJ growth 1 abundant 
production of spores by constriction of aerial hyphfe . . 1 

2A Agarieas. 

Complexity attained by interweaving of hyphce in a de- 
Gnile form : illustrates maximum complexity of a linear 
i^gi^ate 



23- Spirogyra. 

A multicellular (ilamenloiis iin\>r!inclied alga : interstitial 
growth ! gonads equal and similar, but gametes thow 
first indiealicin of seiuiil <iifferenliation 



■. Solid a^regates. 

Like Monosttonia, hut cell -division lakes [ilaci 
dimensions 



IV. — Solid AccaEGATES i 



I 



S gmen ed nodes and inlernodes : appendages — 
eaves and h zo (is r apical growth bj' binary fission of 
ap ca ce nc ompaniea by immediate division and dif- 
fe entia on of newly-fonned segmental cells : complex 
gonad o sne and spermaries) : alternation of genera- 
n gamo um or sexual generation (the leafy plant) 
a ema ng wi h an agamobium or aseiual generation 
hepoenbjo , 



Eicample of a simple diploblastlc animal : cells arranged 
in two layers (ecto- and endodetni) inclosing an enteron 
which opens externally by Ihe mouth : combination of 
intra-cellular with extra-cellular or enteric digestion . . i 

39. Bougairwillia. 

Example of a colony with diploblastic looids which are 
nutritive (hydranths) and reproductive (medusse) : differ- 
entiation of 3. rudimentary mesodcmi producing imper- 
fect Itipoblastic condition : central and peripheral nervoas 
system : alternation of generations, a gamobium (the 
medusa) altematmg with an agamobium (the hydroid 
colony) ; significance of developmental stages — oosperm 
(unicelliilar), polyplast (multicellular bnt nndifferentialed), 
and planula (diploblastic) 



30. Dtphyis. 

A free -swimming colony witli polymorphic (nutritive, 
reproductive, protective, and natatory) zoolils 250 

31. Parpita. 

EKtreme polyiooiphism of aooids giving the colony the 
character of a single physiological individual 253 



\ v. — Solid Aggregates in which Cell-Differentiation, 
•i Cell Fusion, takes an important pah 
.EAT Complexity in the Adult Organis 



32. Polygorditis. 

A triploblaiilic, ccelomale animal with 
mentation : prostomium, peristomium, metameres, and 
anal segment : besides ecto- and endoderm there is a 
well developed mesoderm divided into somatic and 
splanchnic layers separated by the ctelome ; diBerentia- 
tion of celts into fibres, &c. : muscle-plates forme^ 
cell-fusions ; necessity for distributing systen '' 
of food to parts of the body other than the ei 
and for the removal of waste matters i^-eirculaia 
piratory, and eicretory systems ; high development i 
nervous system — brain and ventral cord, afferent and 
efferent nerves : characteristic developmental stages — 
oosperm, polyplaist, gastnila (diploblastic), trochosphere 
(dlploblastic with stomodieum and proclodieum), late 
trochosphere (triploblastic but accelomaCe) 

n very slight, but the type necessary it 
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tributing system rendered necessary by carbon j 
being taken in by the leaves, water and minentr 
[he riiiioids : alternation of general ions^the leSi . _ . 
is the gamobium, the agamobium being represented _ 
the spore-producing sporogonium : developmental stages 
^oosperm and polyplast, lie latter becoming highly diffe- 
rentiated to form the sporogonium 332 

34. Firm. 

Extensive cell -differentiation : formation of fibres (elon- 
gated cells) and vessels (cell-fusions) ; general differentia- 
tion of tissues into epidermis, ground-parenchyma, and 
vascular bundles : presence of true roots : the leafy plant 
is the amagobium and produces spores from which the 
gamobium, in the form of a small prothallus, arises : 
developmental stages — oosperm, polyplast, and phyllula 
(leaf- and root-bearing stage) , 344 



.—Brief DESCRirrioNS 
Ammals and Plants in Terms of Polvi 



35. Slar/ish. 

Radifllly aymmefrical : disconlinuous dermal exoskele- 
ton : characterislic organs of locomotion (lube feet) in 
connection with ambulactol system of vessels 309 

36. Crayfish. 

Metamerically segmented ; segmented lateral append- 
ages ; differentiation of melameres and appendages : 
continuous culicular exoshelelon discontinuously calci- 
ned : gills as paired lateral offshoots of the body-wall : 
^^eart as muscular dilatalion of dorsal vessel : ccelome 
^u^^Lf'^'luced and its place taken byan extensive series 
• ^^^^pb-apacea : nervous system sunk in the mesoderm 
^PITCinsisting of brain and ventral nerve-cord 

37. Mussel. 

Non- segmented : mantle formed as paired lateral out- 
growths of doraal region : foot as unpaired median out- 
growth of ventral region : cuticular exoskeleion in ihe 
form of a colciiied bivalved shell; gills as paiied lateral 
outgrowth of body-wall : heart as muscular dilatalion of 
di>rs;il vessel : c(£lome reduced to pericardium : nervous 
s}^l<.>]lJ consists of three pairs of ganglia sunk in the 



• -^7^-ftelam. 
^^Jfc and tail 



:iically segmented : differentiated into head, tninli, 
: trunk alone coelomate in adult : appendages as 
■dian (dorsal, ventral, and caoda)) and paired (pectoral 
and pelvic) fins : discontinuous dermal exoskeleton and 
extensive endoskeleton of partially calcified cartilage, 
including a chain of vertebral centra below the nervous 
system replacing an embryonic notochord : gills as 
pouches of pharynx opening on exterior. ; heart as 
muscular dilatation of ventral vessel : hollow dorsal 
nervous system not perforated by enteric canal ; 



All exhibit alletnalion of generations and the series 
shows the gradual subordination of the gamobium to the 
agamobium. 



female) ■ 366 

Spores dimorphic ; microspore produces vestigial male 
ptothalliia ; m^aspore produces greatly reduced female 
protballus ■ 368 

41. Silaginella. 

Microspore produces onicellulac prothallus and mulli- 
cellulai speimaiy, both endogenously : female piothallus 
formed in m^aspore and Is almost endogenous : embryo 
provided with suspensor 371 

42, Cymnosperms. 

Cones dimorphic (male and female], with rudimentary 
perianth : no sperms formed hut microspore gives rise to 
pollen tube, nuclei in which are the active agents in fer- 
tiliialion : single megaspore permanently inclosed in each 
megasporangium : female prothallus purely endogenous ; 

^mKt-1'n /^Iti'l^ilq^ rainiinB {rif^lncml „j mCgaSpOraU gJU m 



43. Aiigiosferms. 



phylls and perianth : female sporophyll forms c 
cavity in which megasporangia are contained : mega 
spore produces a single ovary represented simply by a 



(.—SUBJECTS OF GENERAL IMPORTANCE DISCUSSED 
IN SPECIAL LESSONS. 

I, — Cells and NucLti. 

a. The higher plants and animals contain cells similar in struc- 
ture to entire unicellular organisms, and lilic them exist- 
ing in either the amoeboid, ciliated, encysted, or plas- 
modial condition 56 

i. Minute structure of cells :—tell-proto plasm, cell- membrane, 

nuclear laembrane, achromatm, chromatin , 6z 

c. Direct and indirect nuclear division 65 

J. The higher plants and animals begin life as a single cell, the 
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II. — Biogenesis. 

PAGE 

a. Definition of biogenesis and abiogenesis : brief history of 

the controversy 95 

b. Crucial experiment with putrescible infusions : sterilization : 

germ-filters : occurrence of abiogenesis disproved under 
known existing conditions 98 

III. — HOMOGENESIS. 

Definition of homogenesis and heterogenesis ; truth of the 

former firmly established 102 

IV. — Origin of Species. 

a. Meaning of the term Species : the question illustrated by a 

consideration of certain species of Zoothamnium . ... 137 

b. Definition of Creation and Evolution : hypothetical histories 

of Zoothamnium in accordance with the two theories . . 141 

c. The principles of Classification : natural and artificial 

classifications 140 

(i. The connection between ontogeny and phylogeny 146 

v.— Plants and Animals. 

a. Attempt to define the words plant and animal, and to place 
the previously considered t)rpes in one or other king- 
dom 176 



* 



b. Significance of the ** third kingdom," Protista 182 

VI. — Spermatogenesis and Oogenesis. 

Origin of sperms and ova from primitive sex-cells ; differences 

in structure and development of the sexual elements . . 255 

VII. — Maturation and Impregnation. 

a. Formation of first and second polar cells and of female 

pronucleus 259 

b. Entrance of sperm and formation of male pronucleus . . 263 

c. Conjugation of pronuclei ... 263 
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VIII. — Unicellular and Diploblastic Animals. 

pagp: 

a. In plants there is a clear transition from unicellular forms to 

solid aggregates, but in animals the connection of the 
gastrula with unicellular forms is uncertain 264 

b. Hypothesis of the origin of multicellular forms from a colony 

of unicellular zooids 265 



C. — Other matters of general importance, such as the composition 
and properties of protoplasm, cellulose, chlorophyll, starch, &c. : meta- 
bolism : holozoic, holophytic, and saprophytic nutrition : intra- and 
extra-cellular digestion : amoeboid, ciliary, and muscular movements : 
the elementary physiology of muscle and nerve : parasitism and sym- 
biosis : asexual and sexual generation : and the elements of embryology 
— are discussed under the various types, and will be most conveniently 
referred to by consulting the Index. 
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defies between nrllficifll .B. .83 


plale) BTftein, ^larlbh 11 
AfcffiB'A (A^^. chniigiic) -Figure 
a: occurrence and general cfiaractera . 


AntHer jS. 


AnUnrtdJpm. -iee&permar} 






Antipodal celh iSj 


^SV'.'.Vni^lwn'' 11^ ^'tlf 


Anns(a»»j the lent) the posterior apet 


■ 3:n»innuion, .j: meiabalism 17 re 


lure of Ihe enlenc tana] 373 


galion, 30: cfealb, 30 31 eonditions of 
Bf<:,3i:iinin>al or plant! iSo 






of Fein 153 prolhaUusofFem 357 




tesiE"";.;?. 1 





I 
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A'Tdoal msr'lsUm, a mu,^ i,{ mcri 

Aopm'aigBS, lalcral ;— tiayfish, an': 

ArrtlBBon'inln (iM"!! beginning : y. 

Ihe ovary of the hjeher plants 
ArKMUs. i.biDgFq»Ei taught by, 96 
Arterial, in the crayfish, 31a 

ArUiropoda, iHe, joS 

ArUoipors {ifiecvii, a joint : map 

seed), b Bactena, B9 
AitUloul isproauotlon of Hydm. ^3 

Anznal raprodootion. See FIs: 

Aiparagl^ ilS 

AnUnflatlauCsii/iniVii, lo make like) 

Avropai (l^ without ; ipo*^, nou 

Antvm'fttlem (oi^t^^iatdv, acting of ■ 

Axial bnnd^' Mosj^, 33; 
AHftlflUs, VDiiinUa, i:ig 



BAOO.'LUS (^ciY/xM, a I 

BACniBEi'IA (SoiTTptoF, E 
mOBOBEB (H^opiK, Htns 



: otgant of sight. ^ : n 



" 99 :Cr;S^t: 3.9:1 
BranGb, Nitdla, :>o9 
Branoh'ial (gpiyi.a, 

B^^^rs^TE^o 

B^t%t.,thech, 

BuT^dto^ SatcliE 

B^^^hsiDui, 349'™ 


JogfUh, 


330 


i-'a-iHia, giils) 
»k) gTMTS, Poni- 
n, j3:''HyJrai>33°' 


onyx (cii»vf,_ the cc 

S,"the°flow«ofAi.e: 

OasEkls, radial and ciic 
OanaliBlla of ovary, 

Carbon dlo^do,' ^d" 


iVtil), 

;s/o?, 

337, 3ii 

Ifsmali 


Jie penanUi 
lion of by 


it™: 


lpw«. to 



^ Phloii 

„ .i.'TTfVryM™ 

the angin cf organixn:, from pt 
orfiiiisrnEj 96: early expe rimer 

N^'ogy Out, life: Aiysil a di 
ih« Kirnci which tieats oflivii 

BUn'ooiele (SAxarrdt, a bud ; 
hollow), the larval bodyiravity. 

Blood, Polygotdiui, jSj 

Blood-ooriiuaolaa : colour!.:!.,, ■,< 

Blood-voiseii, Pulysordiiis iS: 



Bll-aggrsgnts, 
Bll-eoiony ;— tr 



OeU-fDSlaii 

Cell-layor, ., , 

Con-mambnme or wall, u, 27, 2S, 6j 

CBll-mnlUpUoatlon and diffaranUatlon, 

Cell-plate, 67 
Celi-protoplaam, 60 



Central capaule, Rad 
"--' ■■-- .tOo. . 

lebody), 65, 1 

Oepli'alotboi'ax, Crayfish, 31^ 
Cerebral aanBllon. Set Brain. 
Oarebro-pleucal sangllOD, Mussel, 3: 
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I 
I 
I 
I 

I 



Cblor'apl^ll (xAupd:, srcetl : duUok. a 

Ba^im^'sn'iTl'Hydra, ^^°'"""""'"' '" 
Chrom'SiUn (v^^^o, a i.-oloiir), the i^cn- 

Ctarom'atapbDTa Up«H'<, colour : Ac'pu. 
pivpiBtcd with chlorophyll or same other 



body), 65, 64, 357, zii, 
allium tfiliiim, 1 



.orwkth pseud L^pod, 34 



Oil-lats 



iHlogLrJt 



(a.f.j IS developed, jw 
<Md'ooU (i»^ and ciAum), t 

hair " of a cnidoblut, ago 
Oolententa, the, 303 



IlaJd,FDl 






See Epilhcli 



OtBlDmla Bali, 

Otflony, , „, , „ _. 

coloiiiB,''H>yi4, 234" ""' ° ""'"'^'^ 
ODlmnBllai (a little mlumn), 163 
Oorn'mlunn (anninisilini, a hand), iB] 
OompOBIld OTSUIlBllL See Colony. 

Oone, an alb bearing !iparophylts :-'Equi- 
Hiiun, 366: Stlaginelld, 371 : Gytnno- 

Dmjnga'uini ffimjiigStie, a tumpling), the 
union of two cells, in sexual ceproduc- 
tUm r — Aipceba, -20 : Hetoromttn, 41, 47 : 



, 363: I 






OonneoUTe, oaiophagsal, 1B6 
OonaacClTS duos, 319 
OoDtraotflB TM'uals (I'lUiiiii, e 



Osnbradtlon, physical mi 



CarpaiOleB. }iee Blood-coili 
CortBi, Dorttoal tajfsr {rai 












"7.s;ri',' 



DaUlngm-. Dr. W. H., i 
D>oghtar-ci^ cell^ foi 



Deoompoiitlau, natar 
Dermli <Ie>>iii, skin). 






fX^^°' 




INDEX AND C 

m (.difffre, lo caRydiffienml 
ss by which fusd u n 



DlmorplilvB, dimorpblc 
po)i«j. (gnn).«htii,gun 



'sllinB), 



ifii^^, double) : Figon^ 35a ; 

cuidgcneia] ehamclcra, aso : 

ilymorphism, 351 

InWii'lO (I^AiSk, double ; ^AiurrA, a 
taudl two-layered : hpplied Id animaU m 
wbica the body consists of «ctwtenn and 
■ -.am, .44 ; derivali™ of dmloblas- 
Im unieallalu- animalj^ (Figurcb), 

'^BTB, 6j, >&I, 11G3. See also 



DUpaiuJ, means of : in internal par 
DlMal, the end furlbesl fiDIn ibe pa! 

If &HMl-iiuterlali :- 



DiTargonoB of oharaoMr, 145 
DlvUton of phTSlologloal laDonr, 34 
DOanSH :— Figure, 316 : nencml tTiarac- 



pof), the ( 



BmlOTD-iaD. i 
Eoorna'UDn, I 



Endadarm-lamBlU, Medina, 341 

t.g. the roou of vascular plants, m» 
BtuTouni (f vior, within : s^f, Heih] 

[he inner, gramilu^ proloplaim of tbi 

lower unicellular OT^anisnit, 4 
Bndoikel'etaii llrSor, within, and lirMai 

rton cth^AAm to dry), the inlemal okele- 

ton ofaninBUs, 325 
End'oipenu (ft^v, wiihin : ov^p^n, seed), 

nntitent EifLnie formed in the m^aBpore 

a vegetative t:d], 



Enteric (<Vn^i-, intestine), renal, the 

Polygoidius, B73, 279 - Suvti&b, 313 : 

Crayfish, 31J : Nfussel, 3=! : Dogfish, jaS 

EnCeran or EBterio cavitf, the simple 

digestive chamber of diplohlastic ani- 



1 






triploblastic animals, aa5-33a, btG 
Bot'own (fjinic, outside : -rifk. flesh), the 
outer layer of protoplasm in the lower 



=115, 548, 351. 353 
tbemi oeUa : « 

UlBl'lnm {iiti, upi.D : 8i)Ai), the nipple), 

irface, 11^ : ccBlomlo, sjj, 304 : dMO, 



Eqnator'l&l plaM, 67 

EQUISGTDX (f^HKi. a I 

bristle ;— Figure, 367: g _ 

lers, 366 ; cone and sporopbylls, 366 : 
male and female protballi. 366, 367 : al- 
ternation of generalions, 367, 36S 

Egnlv'Doal gBiuraUDD. Sec Abiogenesls. 

EOQLES'A. ( nyAiiroc, brighl-eyed) : — 






Buglaa'Dld moveme 

ET^ntlDik levalvii, I 

definition, 143: ilb 

tion vrilh species c 

Bxon'tW (rjcmi 

ganisoi, 16, 9^4 
Sxag'sncnu (if, out 



S,"2S i 
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aiamea, 31;, w; 1 



378 : ofltn applied 10 the cone c 

Fooa-aiLTrsn\ Mus.sel 320, 332 



H>bear).ja:r«iirei, ■«, ijo, 
FrsKmsnta'tloii of the nucleus, i 
Frse cell lOniiattoD, 377 
Fruit of Angio^^penns, 3S4 
Fono'tlon {jimctla, a perforning 



.^_ . „ i argooiied 

(Brmenti 80 ^ alootiollo, 76 8 1 : ao«- 
L : dlaitatlc ar smylolytlo, Si 





165 ; Spirogyra, 198 ; Vauchcria 173 




GamoH'Umi {y«f.o!, marriage : p.iK, life), 


FERNS :-Figur«, 346. 356: generai 




cha™:.«, 3,4. 345 ; histology .cf siep,, 




leaf, and rooi, j44-3i4 : numiion. 35, : 


biura in vascular plants, 361, 384 




aaDEUDD (V'TTl^o'. a tmnour), a swcltins 






FaTtmutlon (ftriilis, beaHng (mt): 




the process of conjugaiionof a sperm or 


Oastrlo Jnloe (yairr^p, ihe stomach), pro- 


sponn-nndcus wilt an ovum, whereby 




,!:i„„,],,..d.„d,.,.bi..td...[^' 




mcnl : 8 special case uf conjugalioa 




?-.is/.ST'ss=s4',ii; 


animal embryo in which there is a diECS- 
tive cavity wilb an axKral opuiing : 


pi^-rsis.,,,, 


characters and Figure of, 5*5 : contrasted 
with phyllula,. 360 


fSid^Cis;. .,..,..,,«•,..., 


Oommatlon (£!•«««, a bud). S« Bud- 


„ding, , „ , 


binary, iho divJ^ii of a moiherctll 




into two daughler-celU : in Amoiba, 19 ; 


SBsnaL S« Gamobinm. 


Gan'eiallMd, leaning of term, 140 
Ge'niu_tprH"j, a race), genetic name. 


generally, 65-67: ParannEcium, 114: 
Hi^ miJuple, ihe division of a 








GBrm-mto^W '""' *' '^' 


_5LL?'^2«^.'"_'"^h" _../_.. ,. 


ODT'lllinikl Bpot. the nucleolus of the 



pii 

I 



simple and multiple, Opallna, 194 
nagdla See CiUum. 
FlaffsUate aiTauirlA. 107 
PlagaU'nla (diminutive ofyTflCT«u«), the 

flagellate germ of one 0? the lower 

organisms (often called zoospored. 51, 54 
FUgell'tim (jlittUxm, a whip) i defined, 

-- ■ """^I'-on ID pBCwlopod. 52. ?3I 

aola, ihe abbreviated aiis of 



L&'^ (germiKSUs, a budding), 
iproutinif of a spore zygote, or 
'mi 10 form the adult plant ; for 



QUni KtUuu. an acom), an organ 
cretinn (?.k.) : gland-dells, 331, ijj 
Olooliia'lum, 3:3 
Oan'ad (yp«Ji. offspring, seed), Ihe 1 



r 



INDEX AND GLOSSARY 

Ihread) :— F^h«s8 






Tapping-Uiiai, Diphve!, iji 
Towliig point: Niietla, :ii, 



High ani^ loir O^Bniimi, lafi 
Bigbm (vascular) pISDtl, ui 




Dinritlcin, defii. — , ^^ 
Holoio'lo (BArx. whole : juni 

nntrltloii, ^ -= -■• - 
Home^n'Bil . , . 

HomalogDoa (^fiibt^. agreiing), applied 
HDmamur^^nii bomoDiorphlo (g^vr 



m'atoatmiine (al^it, blood : xp^Ho, 



pusclesnf human hlooij), 58 ; propi 

Hwd'-lddney : irodhoRphere. 799 

Doefish, 3JS ' ' 

Best, evolmign of, by midaiion of p 

Koat-rlgor (rffwr, stiffness), heat-si 

Hetuitraplim, 16B 

HBr«l'itT(*<7w;jiBj. heirship), 147 
EsmUHia'TDdlte (<D;ia4paSinK, 

Hermes and Apbrodil'X See MonOii: 
HatsroESU'esli <cTipD<, difTctent :ti\ 

HETEb!o5''ITa'(,>,p,>5, diir^rJiu": » 



Hrdrold (i/Spi, u 



lenl) : Flgona, 
f feeding, 3^ : 



l^to'a^ 



siie beyond t1 



Sjpb'e,{v^aiytt, 10 weave}Bpplied _ 

may be mycsU*! (see myceRnm), 
mergsO, or atrial : Mucor, -'- 



onth}^^ 



INDEX AND GLOSSARY 

hen, stniclure of:— Nile 



Ingiate IJllg/ni, la pui inID) and Egsita 
VX^^' ^ expel), bkbjicc of. 33 

Diksnioafiiif/r?, toput iqto), ihEtnkiag 
in df iolid rood, 11, jB 



UlMgSunant {inlJ^iKtntuilI, a 

of megaspDre : Gymiiosperc 

latBr-oaUaloTipvisi, 347 
luter^niudular plBxiu (tXi'iu, i 



twcen) oellB, Hydre, n? : Erowth, 

flSKSTJi,..,, .....,-1). „« .t 



LESSOHIA (aftfr Usvon, lh= Fraith 

iialuralisl),io4 (Figure) 
Leoa'ooTte (Amiit, whiu : icvtk, b hollaw 

(FiBiuEa), 57 :' iqgesiinn of solid par- 
ticles by, 5B : iiliMon of, 58 : tbrnliliion 
of Plasmodia by. sa 
Lsuwenhoek, Anthony van, dijcovirer 
of Bacleiia, 57 

LlfBlhlBtory.'mtwiinEorTh'eKrin, 43 
Lignln (ligHum. wood), conipostion and 

properties of, 348 
LlnBor agEfegate, an BEgregaie of dclls 



Unnfflm, C, i 
Liver, Dogfisb, 



of blDK 



I 

^ Ji 



Had'rapoMta (front li 
Hantls, Miis-sel, 330 



I 



EarTtlklnUil (■apuoi', a kernel or nu- 

KaUib'DUnn (luTaAiA^, a laying down), 
_ia. Stc Mctaboliam. dcsEructivc, 

„ ^__ Me1^a^,'fcalal^Mc!' ""'' ' 
KidnBy ;— Crayfish, 318 : Dogfish, 330 



LAMINABIA {lamina, 1 

[Figure), W4 
LaUal P>^ MoNiel, 333 
LUTO. the (rce living young c 



Hednlla or mednllary lubstanoe {mi- 

Hldoa'a (MJSduira, name of ona of the 

tive a»id of a hydroid polype, b39-=43 ■- 
derivation of a, from hydranth (Figare), 

HMU'old, a reproductive foold having 
the form of an imperfect Mediua, 
Diphyes, 151 

KBgKpan'me (ciySc. large : yntiAi, in 
many), » ffimle ganiete (j,».) dislio- 

HBE'snQafeiu (iiiyis, large : aueltut, a 

U^upomil^imL (fA^yii latge-: rim^, 
Ked : oyyetof , a veftKel), the female 

morphic spurangia^ luQallyditlingnlshed 



b^uTa™ 



5Bi.' 



HICROCOC'CTB (jiitpit, imaLI : 

ab=ni')(Fi£i..=), 66 
morogain'Bta Oii.pis, ™aJI ; y^—. _ 

many), a male gameH! ff.v.), dinia 

SifihcJ by Lb bmaUer uce from At 
Halt or muagamttv. 133 
moro-BiUUmatia, ifac ane-ibiiuiuidth at 

Wuro-onaiiliiii. S« Baociia. 
• ,1,, sn-all;i.«frjM,B 




Ifu'antery (>iiiTD<, 

lericouial wilh the body- wall, 379 : de- 
velapmenl of, 303 
Hn'odeim (itint, middle ; ti'pliii, ikiji), 
Ihc middle cell-layi:r of Iriplobi— ■- 



igmella, J71 : 



nB. dtv. 



nl of, 35 



393 r in BouEainvillea, 
lul), t£e panncl 



UaUb'Dlfim ()leTii^a*it, 

;) OOMbTloElYO motl- 

Aihe'i '"'' 



Sclapnclla. 37- : . 
Angiospcmu- 3B1 



les^ (Jw«yj cUi- 



I 




asm, and (*> da- 

itmotlvs metabolism or kauboUun, 

the procefisea by whicb the prcitaplasm 
breolcfdovm bio simpler products, ex- 



Hatamorpboi'lB (limuapihiint), i 



See Polypla;^!. 
:— Figures. 333i 33S: i 

rbiuids, 33s : lennlniit EmI,' J, 
Kluclion, 3s6: de^opwnf 
,. _r— t.-"""™. 337- of leafy ploiu, 
339p 340: alEematiDQ of geuemtionfii 

Month ;— EueleiiH, jj : ParomtEdum, 1 10 : 
Hydra, 313 1 Medusa, 344 : Polyaonliiu, 
171: baukivard ihifling of in Crayfish, 

MtJCtOR (MUior, mould) :—Figu 



INDEX AND GLOSSARY 

I hyphx, 16&-1631 general chsract 



HnltlDeUnlar, b 

UnulH {masailit, a little rem: 



HoBoIa-pT- 

Kiuliiaoiii. Set 



and blood-ayatein, 393 : nephndia, j 
ads, and netvoua systom, jjj 
ICrodW bTpblB, the hypl^iE intsrwi 

UyDellnm biuiti, a runeus), a motn 1 
IcM reU'lite maafl farmed of interwQVf 



I 'Sri 



rai charSclei^, ' 5a : nulrilSon, 
idudlon and lifc-hUlory, s4, 



KB^EHdlopua (ri4i»i, a kidney 
a paBsaEc), the ixletnol oprnir 
Mjjhridiuffl, lis 

Kepbridtmn (iiipai, a kidney), K 
dT, PolyBOrdius, aBs (Figure): c! 

NB^'tonama (n^poi, a kidney : 
a mouth), the internal or mlcaii 
tureof anephridinm, lii 

MSrTB, afferent and effdrenl, [nncti 



Rarroiu ifiMm, ceninO and peripheral : 
— Medusa. 3*5 : PolyBCHdiufi, aBS : func- 
liont of, aSB: Starfish, 313- Crayfiih, 
319 : MuehI, ^3 ■■ Dogliili, 33D 



Hods (nadiis, a knot), Ihe porlii 

HofOOhOrd (I'l^oc, the back; }(: 

MnoBllns (dimiiiuaye of khcIii 

Nnolear diTlsloii, &ihBta : 64 (E 

6s, 6j : dlreot, 6j 
Huoieor memtaratiB, (n, 
Nntflaar protoplaBm. Sdc Achroi 
" — '"IT spindlo, 6; " 



NUBls'C 



ins), 8 



7, 81 Paran 



Nn'Dlena (n. 
fureof.fij, 

»b'- Nf.;iia°'?Jl"*;,3 

Nli^LU, BSOtindajy, of meBaapqre, An- 

Mntrlsnt solution, ariilicial, prindples ol 

coii5irucIion of, 7B. 
NntrltlOB:— Am<£ba(hola2Dic), 11: Ha:- 

mica (saprophyiic), 37; Opalina (type ol 

'Polya'ordiui {type of 
73, ill : Mos (tj-pe 



o( higher plant!), 3^ 






Ooelliu {Siillui 
(Egopli'aEiu (oii 

OlltOK'enj (dvtcx, being : yii 
a recapitulation o( phyli 



^lle^. ! 



agfisli, Oa^onlnm (iM 



on), the I 



"(jX'fot? 



isnally g 






o'ri|inofnudeusof.=63 7 " 

Oeqion (ur, an egg : )m,»i, s seed), a 
name frequently applied 10 the oosperm 

OPALIM'A (fcom its «palt!cinl appear- 




phytic monads, ,_ 

of the body set apan for the pcrft 
■nee of a panicular funciioa, agi 



Ot'HT i'l'i^ an egg), the Icmsie gonad 

III : urophy of, _io Angk»ptrois, 383. 

Ihe venicr of Lhe pistil of AncuKperms, 
381 
On'dlUt (Aniin, an egg : ^Hifs, Lo lead). 



gcncmT sli 



types and espccialty Vauclicci 



I 



Paooraai drsyifKoi, swtcibrcad), 3:8 
Fuidornu, :M (Figuce), 167 
Fuam'Tltuii (rips, bcnile: iiiilADv, lin 

p.UAiUB-Oira :— FigurES. loS, 115 
xructure, 107: mode of f»ding, 113 
aiexuaL rcproduclion, 1 14 : coDJngation 

Fur'aalte, paioiitlBm (npairirac, on 
who lives al anolhfr'f. table) :-Oiulina 
123 : ISacleria, 93 : Mucor, 167 

Fkren'Db^ma { inpiy^iiiu, anythioi 
potucd in beside, n word originally ti»ei 
to dcKribe the subaiance of the lungs 



Porl'Btal (fariis, 1 
layer oF mlonuc 1 
btidy-waii, 17;, 378 

PutueuDssn'sali ( 



Pasteui'i BOlntloii, compoation of, jS 
"eOal (pii, the fool) gang"-- *^ — -• 

'EtnOHJilDK. (fiitkillKKi, a paintet'c ^ 
biflth, fnin the Ibnn of the fuUT-dero- , 
loped aerial bypbar) :— Figure, 1S6: uc- 
' 'laracljirs, 184: 




t^I jieHanlli leaves In the Smrcr^ 

Pilar ym (itiivyf, ibe tbniat) :— Polyi. X 

gcirdius, a8o : Dogfish, jaS -" 

phloem (**ai«, bark or hait) 

Fb]^ («vAor, a tribe) of the ai_ 
don, 307 : of ihe vegetable 



bavD appeajedf 360 : contracted ' 
Phyl^ony (iSXai-. 

PhyrtoVogy (* w!, the nature orprtipenra 
of athing: Aoym, a dlscussBn), llied*^* 
partinent of biology ""* ^ 

PUpOBllt'Spot, Euglem 
PUenB(/ii!ri>i,acap), Agaticns, igi ' 

Piima (flnna, a feath^ of leat jet 
PIMU {pUtlUum, a pestle, from /inw, la 

pound.) See Gyndchim. 
P1an'iil»(diaunutive '•<'-'- — ■— 

hl^a'cf a tydroidT 
FJaot, deaniii°n of, t 



diplobiutic 




I 



gnsa-&"'&-U ...: 


KADIOLiaiA («.^/-i, aspokc orruy):- 


CDnJUEalian of male and (smsle. 163 




PrOrtOTi™ (i,fii. iKfpre : <mV". = IllLle 


chaiatlers, iji: central capsule, 151: 


niouth), the fin,I or pre-oral Mgmcl.1 ID 




PaorAiHBBl''(»7i™, Bra; i^o.pi,, 


i;i : siliciou.1 .■Lkdelan. 151: symbiotic 


P^thSlL ^Wfil'b^fort ■ auM6,, a l*tB), 


Begt'nm (ince^tinmn rectum, tSi l^tralght 
gut), .he posterior or anal diimiot. of tbe 


Ihc gamobium of vascular plains ;— Fern, 


entn-io canal. =8. 


stJirsfriiJ.S'SrsiSi 


BBdl, FrancUcD (Ital[an m™./), «p«i- 


raents^biogeneiil.,. 


mlLa, 57", nnd Gymnosptrnis, ^j6, jjB ; 


BeaiialitKillvlil<in,>»,^i> 


reUid«J dcvelopmenl of in ADgiDspermi, 


BellBX aatlon, 3S9 


PrOtliaUlUI, secondary, SclaBUiclU, 371 




BoprofluotlVB organ. Sec Gun ad. 



I 




8«retlait Irifrilui, separate), oaiute of, 

1 8^ forKiBlion of, 377, 384 : gerdiina.Lot, 
««^Bat <ii,f3Miii»jB, a piece cm off ). in 

name ia yarioualy applied. See Meta- 
Ba^asBi'ai obU: Niiella. :ii : Moss, 
B^mantatlon, nislameric. See Meta- 
SELAaiNBIX'A (<»Aay/u>, to shine);— 

lhaHiandEon='i'.37'/< 
SeU-fertllUatlDn, apptiet 



Sperm&r;(<i 



irsS 



'nFi 



r^pfia, seed), the 1 

originl, the developRient of a spam from 
a primitive se»«li, 255, as6 (Figun!). I 

BptDOl OOrd, Dagliah, - ' 

Spiral TBMBl. See V( 

S^IRILL'UH (r/ira. a coil) 86, BS (Figan^ J 

apaoaYRAUfiira.icoii-.gr * 

51n.clure.i94:BrD«ih,i57':(; 




ramyces, j^ : Bacteria, 8p : vitality ol 
in BacHna, 99, idt : FcDidlliam, iA^ : 
Mo«, 339 : Fcm, 353. See aJso Mega- 

SpOIO^n'lUm mmpa seed : yiiiot. pre- 

Bpor'OjSiyll (OTToBo, seed : iiiAAn*, leaf), 

366: SeWlnella. 371: Gymnosperms! 
373. 375: Ai.Kioiperms 3S1 
Stamen {ilamni, a thread), a male sporo 



Bl^UTU^' 






Btwu. mnicture of :— Moss, 334 : Ferd, 3 
Sterig'iu(rr>ipivfi>, s^iippixi): Penii 

on ^ putrescilile iafiisionSj t 



Btlgma (irWma, a spot), the re 

tremity of lliE style, 3S1 
SUmnliii, various kinds oC aSc 
Btook. See C<.l™y. 
~' jn'stO (oTiV«. moulh), 3!3 



Term'lnallnid 1— Nitella, mS, 310 
T8aQB(the Latiii word),fenerally 
Tbsniiail death-pDliLt. See Ulti 
TlMUBB, diBereiuialign of :— Polygotdiui, 
TrBOheldes (i-psviii, rough : eI 
TraniplraHon, the giviog of 
Trlcb'oojBt (SpiC, a hair ; juIittic, a bag), 
ooT, triple : ^Aotn 

anJ^ cndoderni, 3 

TtOdli'lKIlliaM (fpiiTM, a wieel.iti lefermcB 
to the rirclet of cttia ; it^um, a Bphore), 
Iht frM-swimmi^g larva of Pnlygardi 
&c. 1— eharacliers of, i96{ Figure) ; oii, 



BtamodB'nm (i 



Tnhs-fe^Su 



mtro-maxlmiim te 



\ 





^a'*(.-:Ef.'"i.s., ™. 


BtjlO {jy/w, a colntnn), the distal solid 


portion cf the female ipomi^yll or of the 


brella) applied to branchiig in which 


STirLOlffcHiA(,7TvAo,%cSi«nm':W, 


the primary a>b isofliralted growth and 
sends off B numher of secondary aio 


a clawX Figure, 117: occurrence and 


from iti distal end, ijS 


geneta) characters, [16: polymorphisni 


DnloaUlilu', formed of a single cell. 61 


Sab-apiml oelf See Segmental cell. 
Supporting lanidfl. 's^Hesoglira, 


Drs&r (otiOTTnp, liie Greek name), tht 
due. of the kidney. 330 


Snapenmr: Sdngindla, 375 1 Cymno. 




Bw^lTvaU ' r?nn,'o-'ir"n of f ; 


V 




VM-uaia (-.■aiuui, en.piy), couitaciile, ,r 


flymblo alB (a^.^,.,,!,!. a livi.ig will.), an 






Vilrtiiimtr™!?'^" "' " 




Variation, iudi.idual, no, .47 



4o8 



INDEX AND GLOSSARY 



Variety, an incipient species, 147 

VaSC'ular {z'ascnluni^ a small vessel) 
bundles, 345, 348 

Vascular Jplants, 365 

VAUOHEEIA (after J. P. E. Vaucher, a 
Swiss botanist) : — Figure, 170 : occur- 
rence and general characters, 169 : minute 
structure, 169 : asexual reproduction, 171: 
sexual reproduction, 172 : nutrition, 175 

Veins of Dogfish, 32^ : of leaves, 352 

Vel'um {velunty a veil) of medusa, 241 

Vent, the aperture of the cloaca, 324 

Venter {venter^ the belly), of ovary of 
Moss, 336, and Fern, 358 : of the female 
sporophyll or of the entire gynoecium of 
Angiosperms (so-called ovary) 381 

Ventral nerve-oord :— Polygordius, 286 : 
development of, 301 : Crayfish, 319 

Ventricle. See Heart. 

Vermes, the, 308 

Ver'tebral(z/fr/^3nz, a joint) centra and 
column, Dogfish, 328 

Vertebrata, the, 309 

Vessels : — of plants, spiral and scalariform, 
348, 349 : of animals, see Blood-vessels. 

Vestige, vestigial {vestigium^ a trace), 
applied to any structure which has be- 
come atrophied or undergone reduction 
beyond the limits of usefulness, 118 

Wa'T\0{vibro, to vibrate), 86, 88, (Figure) 

•Visc'eral {vt'scus, an internal or^an), ap- 
plied to the layer of ccelomic epithelium, 
or of peritoneum, covering the intestine 
and other internal organs, 277 

Visceral ganglion, Mussel, 323 

Vitelline ivitellus^ yolk) membrane, the 
cell-membrane of the ovum, 259 

VolVOX {polvoy to roll), 267, 268, 269, 
(Figures) 

VO&TIOELLA (diminutive of vortex, an 
eddy) : — Figure, 127 : occurrence and 
general cliaracters, 126 : structure, 126 : 
asexual reproduction, 131 : conjugation, 
132 : means of dispersal, 132-136 : ency.-*- 
taiion, spore- formation, development, 
and metamorphosis, 133 



W 

Waste-products, 33 
Water of organization, 5, 29 
Whorl of leaves, 208 
Wood. See Xyiem. 
Work and Waste, 14 



Xylem (^vAov, wood), the inner portion o. 
vascular bundle, 349 



Teast, 71 

Yeast-plant. See Saccharomyces. 
YeUow-cellS of Radiolaria, 154 
Yolk-granules or spheres, 68, 235, 258 



ZOOglOB'a (^woi', an animal : yAoi'a, glue), 

85 _ 

Zooid (^wof, an animal: €i5o9, form), a 
single individual ofa compound organism, 
137, 237 

Zootham'nium (^(ooi', an animal : 0afii/o«, 
a bush): — Figures, 134, 138: occurrence 
and general characters, 135 : dimorphism 
of zooids, 135 : means of dispersal, 136 : 
characters and mutual relations of species, 

135-139 
Zoozanthell'a (^a>oi/ an animal : ^ai/0o9, 

yellow), 154 

Zyg'OSpore (^v-yoi/, a yoke : o-TTopa, a seed), 
applied to a resting zygote formed by the 
conjugation of similar gametes, 166 

Zygote (fvywTos, yoked), the products of 
conjugation of two gametes : — Hetero- 
mita, 41 : Vorticella, 133 : Mucor, 165 : 
Vaucheria, 174 : Spirogyra, 198-200. 



THE END 
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